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HIS'TORICAL INTRODUCTION 
It was in 1790, that Goethe (126) published 
his doctrine of metamorphosis. Prior to that date, 
only two authors had expressed any fundamental ideas 
with regard to the nature of the flowers. solff 
(120) in his "Theoria Generationis" published in 1759, 
expressed the view that the whole plant consisted of 
}nothing but stem and leaf, the root being a modifica- 
tion of the former. The floral appendages were 
appendicular organs. The production of floral leaves 
was the result of a degeneration in the quality of 
the sap, the richest portion being used up at a lower 
level by the first formed vigorous foliage leaves. 
The following year Linnaeas (59) published his 
"Prolepsis." He also expressed the same idea as 
Nolff, that all the floral organs were leaves. He 
partly based his evidence on teratological specimens, 
in which the various organs were sometimes found to be 
replaced by leaves. He further considered the flower 
o be a modified shoot, in which the growth of five 
ears was compressed into a single year. Believing 
¡hat the different floral whorls were developed the one 
from the other, and observing that they encircled each 
other, he attributed the various floral envelopes to 
I 
different tissues of the stem. The bark gave rise to 
II 
the calyx, the phloem to the petals, the wood to the 
stamens, whilst the carpels arose from the pith. 
Although other papers had been published thirty 
ears before Goethe published his views, yet he appeared 
to be unaware of their existence. It is to him that 
we turn for the first definite theory on the relation 
of the floral parts to the vegetative parts. From a 
study of the life cycle of annual plants, he stated 
that the vital powers were expressed in two ways - 
wst-1 
growth and secondary reproduction. As a plant 
rows there is a series of progressive developments of 
successive nature. First of all, there are the 
Fhest.7 
eed leaves, following there are the first leaves, 
A 
hich frequently differ in size and shape from the 
dult foliage. Then Comes a time when the flower 
ppears. The stem leaves become gradually smaller, 
nd simpler, but increase in width at their base to 
form the calyx. Nature forms no new organ - the calyx 
the result of modification and union of the leaves. 
During reproduction all the parts become 
ontracted, and aredeveloped in close proximity. But 
n the flower, the whole is constituted of modified 
eaves. TTJhether a plant produces leaf buds, flowers, 
r fruit, it is still the self same organ, though 
III 
erforming different offices and disguised under 
ifferent forms." Y ithin the flower, there is 
n alternation of contraction and expansion in the 
different whorls - contraction in the calyx, expansion 
n the petals, contraction extends to the stamens and 
arpels, with expansion again in the fruit. 
metamorphosis is the operation by which one and 
the same organ presents itself under various disguises, 
Goethe postulated three types of changes - regular, 
rregular and accidental, the first of which is of 
mportanoe to us. Throughout his work, the word 
metamorphosis" is used in two senses, the first 
interpretation being an actual change in the organs, 
rising from a transmutation of the species, the seconci. 
n ideal meaning - cotyledons, foliage leaves and the 
loral organs originate on the stem and are included 
nder the general term "leaf." The metamorphosis of 
the later botanists has been one of ideal transforma- 
tion_. 
This theory propounded by Goethe received 
upport from numerous other botanists of the time. 
ollowing this work, interest was centred particularly 
4n the gynoecium. One school of thought, supported 
IV 
later by rayer, considered that the wall of the carpel 
was an appendicular structure, while the placentae 
were axile in origin. The other school of thought 
considered that the whole carpellary structure was 
appendicular. 
Van Tieghem (99) in his famous paper, published 
in 1867, finally, from anatomical evidence mainly, 
showed that the whole of the gynoecium was an 
appendicular structure. First of all, he laid down 
laws for the recognition of an axial structure and an 
appendage - laws which are of a truly undamental 
character. In his study he considers teratology, 
development, morphology and anatomy. He rejects, or 
Uses with caution, the teratological specimens, for 
even after careful consideration the results are 
doubtful. The study of development determines the 
order of appearance of the various whorls, but this 
does not show whether a structure belongs to the stem 
r is an appendage. To him only anatomy can determin 
he nature of an organ, axile or appendicular, and caa 
how the exact form of departure of a trace. Using 
anatomy he investigated a tremendous number of flowers 
consisting of a varying number of parts, with carpels 
ree or fused, and inferior or superior ovary. 
His conclusion was that, no matter the type of 
carpel, or the placentation, the whole is appendicular 
and is a leaf like organ, producing ovules on its 
borders. Even if the stem be prolonged above the 
bevel of insertion of the carpels, it never produces 
ovules. 
Numerous contributions were added, many from 
teratological specimens, which bore out -oethé's 
theory. This remained unattacked until the beginning 
of this present century. By this time Darwin had 
published his "Origin of species," and Hofmeister in 
his "Vergleichende Untersuchungen" had nade known the 
detailed life histories of Liverworts, Mosses, Ferns, 
Gymnosperms, Fossil records of past ages, had brought 
to light new types, which had existed in earlier epoch, 
and from which it was possible to derive some of our 
present day types. 
It was in 1908 that Bower (15) brought forward 
is "Strobidoid. Theory," which is, of course, directly 
opposed to Goethe's theory of progressive metamorphosis. 
1Vo Bower the converse of Goethe's theory is the more 
Probable situation; i.e. the foliage leaf is a 
VI 
sterilised sporophyll. These considerations of 
owers were made previous to the discovery by Kidston 
and Lang of the Psilophytales. 
The next attack on the carpel was lodged by 
Saunders in 1923 - the carpel polymorphism theory 
(75). In the majority of plants, according to this 
theory, the carpel, as we know it, is not a single 
Structure, but it is made up of a varying number of 
arpels, frequently two, but in other ty_oes the number 
varies, up to 20 in the Papaveraceae. 
Saunders has established three types of carpels 
- the valve, the semi -solid or pseudo -valve and the 
solid carpel. The foundation of each of these is the 
vascular bundle. The valve carpel is described as 
retaining the typical leaf form with a conspicuous 
midrib. Reticulate venation of the pinnate type is 
Usual, but there may be an approach to the palmate 
form, as in Coptis asplenifolia. The solid carpel, 
hich has been evolved from the valve type, may only 
be represented by a vascular bundle. It may, however, 
be surrounded by ground tissue, and the actual margins, 
f the carpel, in some cases, are visible! This type 
f carpel is found associated with either of the other 
'wo types. If associated with a true valve carpel, it 
1 
VII 
is the solid carpel which is fertile and bears the 
ovules. The semi -solid type is not very strictly 
defined, and appears to combine character of both 
groups. Described as outwardly of a valve contour, 
it differs from the true valve carpel, having the 
placentae displaced from the contact edges of the 
carpels, to a position on either side of the centre 
line. In this carpel there is a double central 
strand (the midrib) from which connections run out to 
the ovules, and branches pass out to supply the ovary 
wall. The venation is such that the carpel can split 
between the centre of the two bundles. This type of 
carpel may be found associated with either of the 
other two types, and it would appear that they are 
always fertile. 
The first type studied was the Cruciferae, and 
in this she found four carpels present - two valve 
carpels and two solid carpels. From this she 
proceeded to investigate numerous other types and 
applied to them the result of her investigation of the 
Cruciferae. Thus she has found that the valve, semi- 
solid and solid type of carpel are found to occur in 
the majority of the families of flowering plants and 
that it is the exception for a carpel to be of a truli 
VIII 
monocarpellary structure. 
In the application of her theory she claims 
to be able to overcome all the difficulties inherent 
d 
in the old theory of the metamorphose leaf. Her 
explanations are frequently long and complicated. 
She is inconsistent in her interpretations, and on 
attempting to apply her theory to results of observa- 
tions, one is at a loss to know exactly how the 
originator of the theory would interpret the results. 
Throughout her work, it would appear that two similar 
conditions are often interpreted in two different 
ways. 
This work called forth various criticisms, of 
which those of Eames (27) may be mentioned. The 
author of the theory fails to take into account the 
known facts of anatomy, either of stem or leaf. The 
effect of cohesion upon the vascular system is not 
taken into account. Stelar bundles are interpreted 
as carpellary traces. He criticises separately such 
statements of fact as "In the gynoecium every trace 
determines a carpel," "Traces to two organs cannot 
arise in one "Traces to one organ cannot arise on 
opposite sides of the receptacle." The supply to a 
carpel, as interpreted by Eames, is fundamentally 
Ix 
similar to that of a leaf, whilst the receptacle 
represents the axis. He points out Saunder's 
failure to realise the effect adnation and cohesion 
must have had upon the vascular supply. He demon- 
strates all the points from widely separate groups 
in the plant kingdom. 
Thomas (182) in 1931, after studying the 
carpel venation in a few Ranunculaceous and Rosaceous 
genera, and with the knowledge of the primitive 
Augiosperm Gristhorpia, puts forward a new theory 
with regard to the nature of the carpel, indicating 
how the modern carpel may have been derived from 
such a type of fossil. 
First of all, he forces himself from any 
preconceived ideas, such as Goethe's theory and its 
corollaries. The stamens and carpels are micro - 
sporophylls and megasporophylls. The fact that 
stamens may bear ovules and the carpels give rise to 
anthers and pollen sacs suggests to Thomas that the 
two types of sporophy1ls were originally homologous 
and similar structures. Teratological specimens, in 
which a carpel becomes leaf like, have been produced 
by crossing experiments, so that this new type of 
structure may be a result of the rearrangement of 
genes. 
X 
Starting with a young sporophyll of 
Gristhorpia, his first postulate is the reduction of 
the ovaries to a single pair, and following this 
there is fusion of the two fertile ovaries. On 
contact it was impossible for the ovary wall to curve 
round, and thus instead of two ovaries, there is 
present a single structure with an apical stigma and 
two rows of ovules. Involved in this process was 
the axis. On this "New Lorphology" the ovules are 
held to represent original terminal structures, the 
placentae separate branches, and the carpellary wall 
a cupular structure. 
This theory presents a new morphological 
concept, and involves, if carried to a logical con- 
clusion, a complete re- adjustment of our ideas 
regarding the primitive Angiosperm flower. With this 
theory as a starting point the primitive flower would 
have a solitary carpel, terminating the apex of the 
receptacle. The origin of the hermaphrodite flower, 
and the accompanying calyx and corolla, are problems 
which have not appeared to confront the founder of 
this theory, not to mention the flowers with a greater 
number of parts in each whorl. But in his later 
paper, as a type exhibiting a primitive stigma, he 
immediately turns to the Drimyrs species - in which 
XI 
there are present a large number of parts. 
In a paper published later (104) Thomas still 
adheres to his original idea as regards the nature 
of the carpel stated above, but modifies his idea 
with regard to the nature of the origin of the 
stigma. To him there are three ways in which the 
stigma may have arisen. (1) That the appearance of 
glandular structures at the apex of the fertile leaf 
was the first step towards the closure of the carpel. 
(2) That the leaf margins would be inrolled previous 
to the evolution of pollination through the medium 
of a stigma, and (3) That the closure of the leaf 
was preceded by the development of a marginal band of 
secretary cells. This third interpretation is the 
one which is considered the most probable, despite 
the fact that it is opposed to the work of Grégo.ire. 
Believing that the origin of the stigma is closely 
related to the Angiospermous habit, an intensive study 
has been made of the literature relating to the stigma. 
,and transmitting tissue, and a few examples of primi 
tive types have been studied, in the Rosaceae and 
Iaagnoliaceae particularly. From this he concluded 
that the stigma appears to be a modified portion of 
the inner surface of the ovary wall; but this did not 
include a developmental study of the transmitting 
XII 
tissue and stigma. Based on a study of various 
species of Drimzs and Ale:hemilia it is postulated 
that the earliest stigmas arose hear the lower part 
of the ventral side of the ovaries. This represent 
together with the transmitting tissue, the marginal 
parts of the inner surface of the cupules of 
Gristhorpia, which was lined with glandular hairs. 
This theory of the origin of the carpel and 
stigma he believes to explain the different forms of 
stigmas, accounts for the transmitting tissue, is in 
accord with our knowledge of ontogeny, despite the 
fact that it is opposed to Grégoire`s results, and 
also accounts for the main features of the vascular 
supply. 
He invited criticism of this new theory, and 
his challenge has been taken up by Thompson (l08), 
who adversely criticises the theory and later states 
his own views of the subject of the Angiospermous 
carpel (109). The opening quotation from Schleiden 
is very pertinent - " A man has scientific judgment 
only on such objects as he is acquainted with through 
his own researches; how many may there be who have 
giver once attempted to form an independent opinion of 
the nature of the organs of propagation of plants by 
XIII 
the investigation of their development on only one 
single plant." The Caytoniales are the group on 
which Thomas bases his speculations. Their quali- 
fications, in Thompson's estimation as a basis are - 
they possess cupule like envelopes for their seeds, 
are dissociated in any sense from microspore organs, 
and that their affinity is unknown. 
Like Thomas he frees himself from old mor- 
phological ideas - but goes a step further. To him 
there is no valid basis for the belief in an evolu- 
tion of carpels to bear and protect the ovules, or 
for the pollen to be received by the stigma. The 
flower is essentially a sporogenous axis, potentially 
heterosporous, excepting the base, where the bracts 
and sepals are produced. Towards the base of this 
axis, the tissue is essentially potential micro - 
sporangium. The lower emergences of this portion of 
the receptacle are sterile, and take the form of 
stairiinodes or petals. The upper of this part is 
diverted from its original function of spore bearing, 
and these emergences become the styles of carpels. 
The remaining tissue of the axis is megasporangial. 
The placentae are favoured tracts of tissue of the 
megasporangium, and on this'nucellar formation takes 
place. 
The difference between a flower possessing an 
inferior and a superior ovary lies entirely in the 
development of the spore bearing axis, the difference 
depending upon the part played by apical and toral 
growth. Thus he does not consider either the flower 
with the superior ovary as primitive, or that of the 
inferior ovary as advanced. 1.either is derived from 
the other, but are different expressions of the limi- 
tations of apical growth of a heterosporous axis. 
Thus the "modern" theories on the carpel are a 
return to theories expressed a long time ago, before 
our present day high standard of technique was invented. 
That of Thomas returns to the school of thought 
prevalent before the work of Van Tieghem, and Thompson 
returns to a view not far removed from that expressed 
by Schleiden. (93). 
GENERAL INTRODUCTION 
From this brief historical sketch, it will be 
seen that the carpel of the Angiosperm flower has 
been the subject of many papers, and much discussion. 
It was felt that some of the theories discussed had 
been advanced without sufficient attention being 
paid to the study of the relation of the carpellary 
whorl, to the other whorls. Also that this work 
had been carried out, on what the majority of 
botanists consider to be highly evolved families, 
and that much valuable irn±ormation might be obtained 
from a detailed study of more primitive types. 
The most primitive type of carpel is usually 
considered to be the follicle. This immediately 
suggested such families as Ranunculaceae and 
Rosaceae,and it was decided to concentrate upon the 
former. This offers a wide range of type, as 
regards the arrangement of the floral organ, and 
also the number of parts in each whorl. The spiral 
flowered types are represented by such flowers as 
Trollius and Çaltha, in which there is variation 
with regard to the number of parts which may be 
present in the various whorls. Opposed to this is 
-2- 
a type such as Xanthorhiza, where there are usually 
a definite number of parts in each whorl, and the 
arrangement of the parts is cyclic. An intermediate 
type is represented by the genus Eranthis where we 
get a tendency to the cyclic arrangement in the 
perianth segments,containing a definite number of 
parts but where the stamens and carpels still tend 
to be arranged spirally and vary in number. 
Corresponding to these obvious external changes, it 
was felt that there would be some reflection upon 
the internal anatomy, and that the spiral arrangement 
in the primitive types might, in some way, elucidate 
the conception of the polymorphic carpel. 
Another factor in favour of the study of the 
Ranunculaceae is the question of the ease with which 
the material could be obtained. Most of the 
inaterial'was obtained from the Royal Botanic Garden, 
Edinburgh, excepting Caltha palustris which was, of 
course, found in the field, and Trolliu.., - a garden 
variety being used, as it was impossible to obtain 
the wile ickm.., Warmest thanks are here tendered to 
Sir i "lliam. Wright Smith for his generosity in 
supplying material without which this investigation 
would have been impossible. 
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METHOD 
The manner in which the material was treated 
may be considered under three main divisions:- 
A. The preservation of the material for sectioning. 
(1) The collection of the material. 
(2) The fixation. 
(3) Schedule followed for embedding. 
(4) The staining. 
B. The preservation of the material to show the 





The fresh material impregnated to show the 
veining of the carpellary wall. 
(1) Dr. Gourlay's method. 
(2) Impregnation with Eosin. 
(3) Method of mounting. 
A. (1) . The material was collected and fixed as 
2,00n as it was brought into the laboratory. 
Young flower buds were fixed in the field as 
(2) 
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soon as they were cut, thus preventing any 
plasmolysis. When the material was sent 
by post, the flowers were immediately placed 
in water under a bell jar and allowed to 
remain thus for varying lengths of time, 
normally five to six hours, then being 
fixed. In all cases the bracts, sepals, 
petals and stamens were carefully cut off, 
just above their insertion on the receptacle. 
This allowed the fixing agent easy access to 
the carpellary structures, arid allowed of 
rapid penetration and fixation. 
Various fixatives were used, but it 
was found that, on the whole, the best 
results were obtained by using either 
Bonius fixative or Chromacetic - Chromic 
acid - 1 grm.,Glacial Acetic acid 1 cc. and 
Water 100 cc. Owing to the amount of 
washing in 70;o alcohol required after the 
use of Picric acid, and a consequent 
tendency of the material to be hard, as a 
general fixative chromacetic was used 
regularly. This gave good results with 
( 6 ) 
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all the species, and also at all the various 
stages of development. Young flower buds 
were fixed in 2BD, or Flemmings. This 
yielded good results. It also allowed of 
the development of the ovule to be traced, 
and the stage of differentiation was readily 
identified. Blé's was frequently used. 
Where the investigation merely involved the 
tracing out of the course of the vascular 
bundles, this was adequate fixation. It 
was too coarse a fixative, however, for the 
finer structure - such as that of the cells 
in the conducting tissue. Also in view of 
the fact that Gentian Violet was used as a 
general stain, after this fixative the 
staining lacked brightness. 
Carnoy , lO Formalin, formalin acetic 
alcohol, were also used occasionally, but as 
in Ble's the actual stricture of the carpel 
wall tended to be plasmolysed. 
The schedule used in the preparation 
for embedding was that of i. Cours (55) 
but with modifications. The material. was 
(4) 
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taken from 3:1 xylol absolute, into pure 
xylol and allowed to remain there for four 
hours. Wax was poured into a dish, a well 
cut out the centre and replaced by xylol. 
Into this the matel.ial was put, the whole 
placed in an embedding oven. The material 
was allowed to remain in the oven for about 
forty .hours - depending upon the bulk of 
the material. The xylol wax mixture was 
replaced by pure wax which was changed 
several times, finally just previous to the 
actual embedding. The wax used was a 
mixture of about 8 parts 52° M.P. to 1 part 
45 
o 
M.P. in the winter and either 52 alone 
or 54 M.P. in the summer. 
Various stains were used but the best 
results were obtained from Gentian Violet as 
a single stain, and Safranin and Light Green 
for a double stain. The former was used 
especially when the course of the vessels 
was being followed in the receptacle. The 
staining was affected by floating the wax 
ribbons on a very weak aqueous solution of 
-7- 
Gentian Violet (aqueous), instead of in 
pure water as is the usual procedure. The 
excess stain was poured off and the ribbons 
allowed to dry. The wax is dissolved, as 
usual, in xylol. At this stage the sections 
were examined under the microscope. If 
overstained, the excess was extracted by 
washing rapidly in a mixture of X^,rlol and 
absolute alcohol (in the proportion 3:1 or 
even less absolute) and immediately 
replacing in xylol. Clove oil did not 
appear to be able to remove the excess 
Gentian Violet, orc.at least it was such a 
slow process that it was practically 
impossible. This is a very quick and 
effective method of staining, if success- 
fully carried out, the results were almost 
as good as those obtained by using Grafts 
Iodine method, as regards the staining of 
the actual cell walls, but not as regards 
the cell content. In order to follow the 
detail of the conducting tissue, sections 
were stained in Safranin and Light Green. 
-8- 
B. (1) The schedule followed was that given by 
Barrett (8) , with various modifications. 
It was found better to heat the material 
in methylated spirits to extract the 
chlorophyll, then for a very short time in 
Eau de Javelle and left overnight in the 
cold good results were obtained. Staining 
was carried out with aramon ical fuchsi,n. 
The cell walls of the outer epidermis re- 
tained the fuchsin, so that it was difficult 
to follow the course of the bundles. With 
ripe dehiscent fruits it was possible to 
use this method successfully, as the outer 
hard wall could be easily removed, following 
maceration. 
Later it was found that equally good 
results were obtained if the fruits were 
boiled in water for some time and then 
transferred to warm Eau de Javelle. The 
hard outer wall could be removed with 
forceps quite readily. The flattened 
carpel was washed in water and mounted in 
Eosin Jelly or Gentian Violet Jelly and 
left overnight. On examination, it was 
found that the veins stood out clearly and 
C. 
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the course of individual vessels could 
frequently be followed. 
Similarly as a macerating agent, Schultz 
and Chromic acid were used and yielded 
successful results. 
Another method of staining the veins 
to show the secondary venation of the carpel 
wall was allowing plants to transpire in eosin 
for a time, If allowed to transpire for too 
short a time, the lateral veins were not 
stained, and if allowed to transpire for too 
long a period, the eosin penetrated into 
the surrounding ground tissue, masking the 
vessels. The carpels, as in the above group 
also, were split down the margins and then 
opened out as a flat structure. If mounted 
in 5% glycerine the course of the bundle 
could be followed easily. These mounts,of 
course, had to be studied and drawn 
immediately as tney were not permanent. Some 
were mounted in Glycerine Jelly but it was 
found that the dye was taken out of the ve iris 
by the jelly. To overcome this difficulty, 
-10- 
the carpels were mounted in Eosin Jelly, 
and if ringed, these were, more or less, 
permanent preparations. 
This method was unsuccessful in the 
case of Winter flowers - such as Helleborus 
and Eranthis. The flowers wilted previous 
to the penetration of the dye into the 
secondary lateral veins. 
In the flowers and fruits which were 
macerated and injected with red ink each 
carpel was removed separately and mounted. 
All the carpels belonging to a single flower 
were labelled, so that it was possible to 
trace any variation which occurred within a 
single gynoecium . 
The fruits to be macerated, or the 
flowers after injection with ink, were 
carefully split down the margins which came 
apart quite readily, giving a curved leaf- 
like structure which was difficult to flatten 
out in one plane and mount under a coverslip. 
To achieve this, the carpel was cut at the 
base, usually parallel to the midrib for 
some distance. This was frequently 
sufficient to allow of the carpel being 
flattened. Sometimes it was found necessary 
to make a cut, at right angles to the 
marginal bundle about half way up the 
carpellary wall. This treatment prevented 
tearing of the veins, and on making drawings 
it was possible to restore again the exact 
sequence of the bundles. 
In the case of the carpels injected 
with red ink, on mounting directly in 
glycerine jelly, it was found that the air 
present in the tibsues appeared on the surface 
of the carpel. These were difficult to 
eliminate, but if the carpels were put in 
water or alcohol and exhausted in an air 
pump, then the carpels could be mounted free 
from air bubbles. 
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P hOCEDUEE 
Each species was sectioned and investigated 
from the very young flower bud stage to the 
developing fruit, so that it was possible to record 
every developmental phase. For the purpose of 
recording the course of the vascular bundles, 
PA 19-115 ,well developed flowers were studied. 
At this stage the vascular bundles are easily 
followed in transverse section, and these is no 
possibility of any post fertilisation complications. 
In the Ranunculaceae, within a species, there 
is variation in the number of parts present in each 
whorl, particularly in the gynoecium, even when the 
other whorls tend to have a constant number of parts. 
Thus flowers were selected in each genus and species 
whenever possible, and grouped with carpel number as 
a basis of classification - e.g. Helleborus orientalis 
flowers possessing five carpels in the gynoecium were 
grouped separately from those possessing six carpels. 
The course of the vascular bundles in each group was 
followed separately and the results compared and 
contrasted. This method was adopted, as it should 
indicate the effect of the addition or reduction of a 
-13- 
carpel (or more) , on the course of the vascular 
bundles left in the receptacle after the departure 
of the stamen traces within a species. It may be 
noted here, that it was not possible to count the 
variations with regard to the number of stamen 
traces given off in each flower, owing to the large 
numbers present in this family. The important fact, 
as regards carpellary supply, is the number of 
vascular bundles in the receptacle after the 
departure of all the traces. This number must, 
necessarily, be affected by the number of stamen 
traces to a certain extent. 
If, after several flowers of each species and 
group (as regards carpel number) had been sectioned, 
and the results were found to be discordant, then 
many more flowers were cut until it was possible to 
establish a basic type, and record deviations from 
this in a progressive order. although numerous 
flowers in each species were investigated, yet it is 
not claimed that these results record all the 
variations. 
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The bundles, left in the receptacle after the 
departure of the stamen traces, were numbered, and 
the course of each búndle was followed to the base of 
the loculus of the carpel, and then within the carpel, 
right up to the apex of the style. 
Ls a result of this numbering of the bundles, 
and following their course in transverse serial 
section, it was possible to make "reconstruction" 
(see diagram I - XVII) in which the bundles are drawn 
in a longitudinal plane, and represent the receptacle, 
after the departure of the stamen traces, slit down 
one side and open out. These diagrams are drawn to 
scale, as an inch vertically (ori paper) was made to 
represent a definite number ofµ , longitudinally, in 
the receptacle. It was found impossible to record 
in this manner the actual size of the various 
bundles, and hence, in addition, to correspond to 
most of the reconstructions, camera,lucida drawings 
have been made at various levels in transverse 
section, which illustrate the position of the bundles 
relative to one another as well as their actual size. 
To indicate the midrib bundle of the carpel in the 
reconstruction, a thicker line has been drawn. 
The actual point of departure of the midrib is not 
-15- 
indicated by this method, but this can be readily 
determined, whenever necessary, from the corresponding 
transverse series. 
Within the carpel, the relative size of the 
midrib and marginal bundles are shown in the detailed 
drawings, taken:at the same level. The behaviour of 
the bundles in the style is also indicated from their 
position and size in the detailed drawings of the 
stylar region. If necessary, drawings, int.ermediajte 
between these two levels, were also made. 
The course of the secondary vascular tissue 
within the carpellary wall, was recorded from the 
mounts of carpels, prepared by any of the methods 
described previously (method B and C) . Camera lucida 
drawings were made of these preparations. If 
ravings were recorded from fruits, then the details 
f the course of the bundles in the style, had 
grequently to be filled in from the results obtained 
by the study of transverse serial sections, or 
younger mounted carpels, in which the style had not 
withered. 
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THE ARR.AIvGEDTNT OF THE RESULTS 
The Ranunculaceae have been divided into three 
main groups, depending upon the arrangement of the 
floral organs, as follows: - 
(1) Spiral flowered or Acylic Group. 
All the parts are arranged spirally, so that 
sepals and petals do not alternate the one with 
the other, even though they are the same in 
number. 
Included in this group there are the following - 
Trollius, Ca.ltha, Helleborus. 
(2) Semi -Verticillate or Hemicyclic Group 
The sepals and petals (or perianth and honey 
leaves) are arranged in alternating whorls, 
but the remaining parts are spirally arranged. 
Erantnis is an example of this type of flower. 
(3) y.erticillate or Eucyclic 
The flower is constructed all through of 
alternating whorls. The only genus investigated 
in this group was Xanthorhiza. 
The order in which the results have been 
recorded has been based primarily upon this 
classification, and the arrangement within the 
-17- 
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groups has been, roughly one of descending carpellary 
number, slight rearrangements being made where 
ever necessary, so that the whole presents a sequence. 
The following is a complete list of the genera and 
species studied in their order of description : - 
1. Trollius - a Garden Variety 
2. Caltha 2alustris 
3. Helleborus orientalis 
4. Helleborus foetidus 
5. Helleborus viridus 
6. Eranthis cilicica 
7. Eranthis tryemalis 
8. Cimicifuga davurica 
9. Cimicifuga racemosa 
10. Unthorhiza aifólia 
In each species, the description (pi; 19 - 115) 
commences with a brief account of the structure of the 
flower, the number and arrangement of the parts. 
Following this is an anatomical account of the course 
of the bundle. First there is the arrangement of 
the bundles in the flower stalk, the origin of the 
perianth supply, the effect of the departure of these 
-18- 
traces on the stele, the supply to the honey leaves, 
stamens and finally to the carpels. Within the 
carpel, the course of the bundles is followed in the 
transverse serial sections, and the details of the 
second lateral vascular system from the mounted 
specimen of carpels. 
In recording these actual results (pp. 19 - 115), 
there is little or no discussion, which has been 
deferred, until after all the species have been 
described. All the results have been compared and 
summarised in the discussion which follows (pp.116 -)129). 
In this, reference is made to the individual species. 
Then follows a brief summary indicating the 
Lain results of the work, and their significance with 
regard to the present day views on the nature of the 
carpels. 
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may be a single strand, at other times three 
relatively larger bunrïles may be Present e or 
+--ere may be one relatively lare strand and 
three smaller ones. These different conditions 
may be seen in figs.lA and the Point of 
departure of the serai traces is reached, it is 




With the large bundles occupying the - 
ridges, but more fre uently they persist independ- 
ently for a considerable distance, although they 
may later take part in perianth trace formation. 
Pigs.1 and 2 show the departure of the 
perianth traces in a flower possessing ten 
perianth segments. For details of the course 
of the bundles see Appendix I. 
Tn this particular flower it was found, 
that of the ten perianth segments, the first 
five to be developed received more traces than 
the following five. In the former case, five 
or seven traces entered the bas of each segment 
and as a result of the departure of these traces 
there were five gaps in the main stele. It was 
found that the outermost bundles of the supply 
to each segment tended to fork on their passage 
through the cortex, so that in some cases the 
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number of traces at the b -se of a segment 'ras 
seven or nine. The foll.o. -i.ng five ' perianth 
segments, hoirever, only received three or for 
traces and caused three gaps to be formed in the 
main ring of bundles . Again it -:ras the tendency 
of the marginal bundles to divide, ;rhich gave a. 
variation in the number of strands entering the 
base of each segment. 
The vascular sunsly to each perianth 
segment is normally derived from three of the large 
axial bundles in the case of the first formed 
segments. In the supply to one segment it was 
noted that only two axial bundles were involved. 
This condition was found to occur in a few other 
flowers also - but very rarely. As a result of 
the departure of these traces the large bundles 
become divided up into a number of smaller strands. 
The small strands which did not fuse directly 
with the large bundles previous to the formation 
of the sepal traces either: - 
(1) run out along with the main axial bundles to 
form part of a trace to a segment, 
-(2) lose their identity as a result of the 
tangential expansion of the stele. 
More fruits were examined with regard to 
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strand. After the departure of the last stamen 
trace, the first carpel midrib is formed. Fig. 3B 
illustrates the case where, by the resultant growth 
and expansion of the axis the true spiral arrange- 
ment of the stamens and carpels is lost. On the 
one side there are present, in the cortex, numerous 
stamen traces, while Alt the opposite side of the 
receptacle several carpels are sectioned with the 
loculus developed and ovules present. 
Diagrams I, II, and III, are reconstructions 
of a small sectionof the receptacle above the 
region of the stamen traces, and they illustrate the 
Diode of branding of the receptacular bundles, also 
the origin of the carpellary traces. Diagram II 
and diagram III are reconstructions of different 
portions of the receptacle of a single fruit. 
An examination of these three figures shows 
that though there are differences in detail the 
main vascular supply to each carpel is similar and 
arises, in each case, in the same way from the 
receptacular buhdles. One of these bundles divided 
and, of the two strands formed, one passes out 
immediately, in the majority of cases, to become 
the midrib of a carpel. This is the rule j.n the 
-25- 
fi t iorïacd carpels. Yhe üiidribs pass out 
, ickl y through the cortex and enter the carpel 
base. As they leave the cortex it is often only 
the central Part of the strand which becomes the 
midrib, two 'residual strands being left in the 
cortex. At other times only one strand is left 
in the cortex. The midrib nasses out without 
branching. The bundles which are left in the 
cortex pass out slowly and eventually come to lie 
at the base of the loculus (see fig.5). The 
marginal strands later, when they enter the 
carpellary base, fuse with these small bundles. 
The bundled in the -receptacle, lying between 
the gaps caused by the departure of the midrib 
traces1 mar fuse and anastomose in various ways, 
but eventually give rise to the marginal sun_nly of 
the carpels. In general, only part of these strand 
runs out to become the supply to the margins, the 
remaining Portion Persisting in the receptacle for 
a considerable distance, and then forming the _mid -* 
rib of a carpel at a hiuhe.r level. Or it may yet 
supply one of the margins of another carpel and., at 
a higher level the remaining portion passes into a 
carpel and becomes the midrib. 
In all the carpels, with one exception, there 
s 
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=ire two mar' in`'l h'ìndles -vrhich are Serived from 
sear te strands of the plain stele, and which are 
distinct throuçrhout threir course - that i$ they 
never fuse. In the exceptional case, only one 
strand enters the carpal base (see dig pram III) ncl 
as it annroaches the Placentae, it divides into two, 
one strand thus being Present in each mergin of the 
carpel. The marginal bundles later give rise to 
the supply to the cernellary wall. 
In the C6.6e of some of the last formed 
carpels, the portion of the bundle left after the 
departure of the midrib Fesses out in the direction 
of the carpel base, but later comes back into the 
cortex and joins the bundles which, at a higher le-el 
form the marginal supply of that carpel. When the 
last bundles in the receptacle commence to form the 
marginal strands of the last formed carpels a portion 
runs into the pith and ends blindly. This affords 
a parallel to the condition obtaining in Caltha, the 
,hole of the vascular tissue in the receptacle is 
of used up in the formation of the carpellary 
treces. 
The course of the bundles in the receptacle 
d the carpel was studied from macerated nrena.rarion 
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of the dried fruits, and also frart Plants injected 
with red ink. The various feature established 
from these observations \ere confirmed from serial 
sections. 
An examination of these nrenarations showed 
that there was Present throuhout the whole lenght 
of the carrel the two marginal bundles and the mid- 
rib. This latter, however, does not remain a 
single strand, but gives off two branches one on 
each side. In no case were the two branches 
given off at the same level (see fig. A-D). Fig. 
5A illustrates the type where the one branch is 
given off near the base of the ca rpel, but the 
other strand is not seven off until - about two-thirds 
of the way um the carrel. Fig. 5G shows a case 
where the two strands arise closer to one another. 
A remarkable feature of the supply to the 
carnellary wall in this variety is the fact that the 
lower third of the wall is comnletely devoid of 
any branches from the marginal bundles. In some, 
e.g. pi7. c, it is almost half way um the carrel 
before there is any vascular tissue nresent. Tt 
should he noted that the branches from the midrib 
do not mass out into the r511 of the camel, but 
-28- 
continue parallel to the midrib, and lie ithin the 
sroojection of the cqrnel hioh forms the midrib 
ti sue. 
The number of branches (riven off by the m(.:r--- 
in911 bund]e- ctnsiderably. 1?rom forr.A it 
can be seen thLt, in the sunly to the wall thirteen 
branches arose fro,n_ bundle 1 while 
only six are seen to )ass out from this strand in 
fi r* Many of the lateral branches pass from 
the marginal bundles straipht out to ta midrib, or 
to the branches of this if division has occurred. 
A few of the strands fail to reach the midrib or 
one of its branches, and end blindly in the carnell- 
ary wall. Branching of the pecondry vascular 
system is of freauent occurrence. Several of the 
main bundles, however, pass directly from the 
marginal bundle to the midrib /ithout branching. 
A few of the lateral branches divide just as they 
leave the marginal bundle, but division is more 
frequent as the strands approach that portion of 
the carpellary wall which Ties mear the midrib 
tissue. Anastomosis may or may not occur. (Compare 
figs.5B and 5D). It is not of very frequent 
occurrence in any one carpel, but uusually one or 
two branches anastomose. 
-29- 
Towards the apex of the carped., five or 
seven ttrands enter the base of the style der ending 
upon whether the last lateral from the marginal 
bundle has fused with the branches of the midrib or 
not. At a slightly hi21 her re only 
five bundles present. The marginal bundles pass 
round as the style narrows and soon fuse with the 
midrib branches. Thus there are :now tree bundles 
in the short tyle. The behaviour of these 
bundles is found to 1m, variable and the following 
conditions are found to occur:- 
The midrib may die out just above this 
region and the combined bundles (i.e. the 
marginal bundle plus the branch of the ic?- 
rib) continue alone to f o Tl the vascular 
system of the style. This is the condition 
most frequently found. 
(b) . The three bundles rcay .: intinue up the style 
and ,1 1_ end blindly at '_ _r e level near V "' 
of the rtyle. 
(e) . The midrib may Conti nu. -: alone to the top of 
the style, the iZarg-inal bundles dying out a 
eonsid_er °_blx° distance below this level. 
Pig. 5^, and 6E s;ho,, the 'idrib in transverse 
section at various levels. is .:t the base 
of th:; carrel L.Ilñ. E3ho`!;'s the midrib as a single V 
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strand. It will be noted that there is prenent 
relatively more xylem than Phloem. A:bove the 
phloem there are several ceTTP thicerod 
.7i7.67 in a section about hif way up the loculus 
and shows both the branches of the midrib have been. 
7iven off. In the central portion there ic very 
little phloem Present, all having practically 
disappeared. The sclerenchymatous thickening is 
still present on some of the sell walls. In the 
branches, it will be noted that there in no -Phloem 
accompanying the xylem, but that the thick walled 
cells are present. Fig.61) shows the marginal 
bundle corresponding to the midrib shown in fig. E. 
Fig. 7-. is a section above the level of the loculus, 
and shows the relative size of the bundles, in a 
type where the midrib persists for some distance up 
the style. There are now only three bundles, and 
these consist of xylem vessels, the phloem and 
scler'nehyma having entirely disapPeared. In 
fig. 7B. only the xylem vessels in the (l_aruinal 
bundles, which have fused with the branches of the 
midrib, remain, In a s h ort distance there is no 
vascular tissue as the stigmatic surface is reached. 
Thus in Trollius it is a single bundle which 
passes out to become the midrib of a ccrPel, pLrt 
remaining in the cortex, which at a higher level, 
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CALTHA PALUSTRIS. 
The flower of Caltha consists of from five 
to seven large yellow perianth segments, followed 
by many spirally arranged stamens, the number of 
which Varies from eighty to a hundred and fifty. 
This spiral sequence is continued in the gynoecium, 
this consisting of carpels varying in number from 
five to fifteen. 
The pedicel is ridged and furrowed, the 
ridges varying in size and depth. The vascular 
tissue consists of a ring of bundles surrounding 
a hollow pith. corresponding to each ridge there 
is a large vascular bundle, but two may be present 
if the ridge is large. In the furrows one, 
sometimes two smaller bundles occur. The number 
of ridges varies from flower to flower, and 
therefore so does also the number of large 
vascular bundles present. A ridge bundle may 
give off a trace, which passes out through the 
cortex and comes to lie centrally at the apex of 
the ridge. Surrounding each bundle there was in 
some flowers a continuous band of sclerenchyma two 
to three cells deep, this apparently being 
associated with the types found in the drier 
situations. 
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As the flower stalk broadens out into the 
receptacle, branches become detached from the 
larger bundles and occupy a position withthe 
vascular ring, near the parent bundle. Later the 
large bundles divide to give rise to the traces of 
the perianth segments. As the point of departure 
of these traces is reached, it is found that the 
large bundles expand tangentially, vessels running 
out towards the right and left round the receptacle 
and fusing with the adjacent receptacular bundles. 
In the majority of eases, there is a central 
portion which, at a higher level, becomes the midrib 
of the corresponding perianth segment. (See fig.8A) 
This central portion or part of it may, however, 
remain receptacular. (See fig.8C and D). It may 
form the whole supply to one perianth segment 
as is shown in fig.8E. The vascular tissue which 
arose as the result of the tangential expansion of 
the ridge bundles fuses with the bundles in the 
furrows. It is from this complex that the marginal 
traces, and in some instances also, the midrib 
traces arise. As the traces pass out to each 
segment, there is at the same time a separation of 
the individual bundles which run longitudinally. 
Normally three traces leave the central 
cylinder and pass out through the cortex to each 
segment; but occasionally four are formed. One, 
two, or three gaps may be formed in the vascular 
ring of the receptacle as the result of the 
departure of these traces. There is some variation 
as regards the position of these relative to one 
another, and to the intermediate bundles formed 
after the tangential expansion of the ridge 
bundles. Fig.8A to F illustrates this variation 
which occurs when the three bundles leave the 
main stele to supply each segment. In fig.8A and 
B three separate gaps are caused by the departure 
of these traces, and shows the position of the gaps 
relative to one another. In fig.8C and D only 
part of the central portion passes out, traces 
arising from its flanks. Fig.8F illustrates a 
type where only two gaps are present due to the 
outward passage of two adjacent bundles. As in the 
case of the three gaps, one or two bundles may be 
present between the gaps. Only the central 
portion of the expanded ridge bundle forms the 
whole supply to the corresponding perianth segment 
in fig.8E. On its outward passage through the 
cortex this trace divided into three. 
From these figures it will be seen that 
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branching of the traces may or may not occur. 
Branching of the midrib is almost as frequent as 
that of the marginal bundles, in both cases, 
occurring in the cortex previous to entering the 
base of the segment. 
As the result of the formation of the perianth 
traces, the stele has become divided into munerous 
small bundles. It is from these that the supply 
to the stamens is given off. A receptacular 
strand may give off a trace or it may divide into 
three, the central portion forming the supply to 
one stamen. Fusions occur between the receptacular 
bundles in the latter case,sa that there is a 
tendency to keep the number of bundles more or less 
constant. 
The carpellary traces are formed at a 
higher level. The bundles supplying the midrib of 
a carpel persists for some time as an individual 
strand opposite the apparant base of insertion of 
the carpel. Just as in the perianth supply, here 
again, there is variation in the origin and method 
of departure of the traces. Using this variation 
as a basis, it is possible to divide the flowers 
examined anatomically into four main groups. 
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The first type is represented in figs.9 and 
10, and in the reconstruction, diagram IV. The 
outward passage of the midrib involves only the 
central portion of the bundle, there being two 
small bundles left in the receptacle, one on either 
side of the gap. These strands with or without 
fusion with another receptacular bundle form a 
portion of the marginal supply of that carpel. 
These two small strands may enter the carpellary 
base without fusion with any receptacular bundles, 
but a single bundle enters at a higher level. This 
fuses with one of the small strands, and thus triere 
is present, in a marginal position at the base of 
the carpel, one large and one small bundle. To 
counteract this inequality division of the larger 
bundle occurs and the final result is the presence 
of two marginal bundles of equal size. One of the 
small strands may fuse with a receptacular bundle, 
so that a large and small bundle enter the base of 
the carpel, division taking place within the base 
as previously. 
Fig.9A shows the appearance of the receptacle 
after the departure of the midrib traces. The two 
bundles on either side of the gap can be seen in the 
receptacle opposite the base of each carpel. There 
are present four larger bundles, each of which, at 
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a higher level, divides into two, the portions 
becoming the marginal bundles of two carpels. In 
Fig.lO, the bundles at the base of each carpel are 
dividing, so that two equal portions result. 
It will be seen from a consideration of this 
figure that the pith is traversed by numerous bands 
of phloem. These arise during the buhdle fusions 
and divisions which characterise this level of the 
teceptacle. At first, they are accompanied by 
a few xylem vessels, but these end blindly on 
entering the pith. At this level the pith is now 
a sods structure, Gradually this parenchyma 
fails to be developed, and the carpels 
the infolded margins appearing at a higher level. 
Another flower presented somewhat similar 
characte.istics in transverse section, but here, 
the two bundles left after the departure of the mid- 
rib from the single strand, in all cases but one, 
immediately pass out into the carpellary base. 
(Compare figs.9A and 11B.). These two strands 
are also reduced in size, Again the Intermediate 
bundles may divide to supply two carpels, or the 
whole passes into one. When two bundles enter the 
base they fuse with the two small bundles already 
present to form the marginal supply. 
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From fig,11A and B, bundle 20, and 
diagram V, it will be seen that a strand passes 
in towards the pith, divides into two and fuses 
with ,) .rt of supply r of two Ca.L'P l3, 
n_ t v' 
ìA ._ L.Z 3,jfifV r o . z a..J ,.j`.v yJ ,. ave 
fl-se from the receptacle. in one carpel where 
two strands enter, besiaes the two small bundles, 
they fuse to form a single concentric strand 
within the carpellary base, but divide at a higher 
level to give the two marginal bundles. 
in another flower similar to the above, 
in the supply to one carpel a single receptacular 
strand divides into three equal parts, the central 
portion forming the midrib, the two remaining 
portions, equal in size to that given off, form the 
marginal supply at a higher level. A very small 
receptacular strand fuses with the one bundle, 
previous to its entering the carpellary base. 
(See fig.11C, bundle X). Rhus, in this case a 
single strand has formed, practically the whole 
supply to one carpel. 
The third type presents striking differences 
from the other two main types. It will be seen 
from the reconstruction (diagram VI) that in many 
cases a single strand divides into two, part 
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passing out to form the midrib, whilst the otherpart 
equal in size to that given off, remains within the 
central cylinder (see fig.12A, B, and C.). On the 
outward passage of the midrib the small strands 
characteristic of the second type were again given 
off, but this time in the cortex, or within the 
carpellary base itself. (See fig.120). In the 
case of one strand, bundle 12, the central part 
passes out as the midrib, one part remains as a 
receptacular bundle for some distance, while the 
other part runs out immediately through the cortex 
and comes to lie at the base of the loculus. 
Bundle 11 divides into three equal parts, the 
central portion becoming the midrib of a carpel, the 
remaining two parts fusing Lunediately with the 
other adjacent receptacular bundles. in every case 
two separate strands enter the base of the carpel 
to form the marginal supply, and remain thus without 
fusing. It will be seen from the reconstruction 
that a receptacular bundle divides and supply one 
placenta of two carpels. In the other cases there 
are present between the midrib gaps two bundles, 
each of which supplies a single placenta, Where a 
single bundle supplies two placentas, it would appear 
to be due to the fusion of the bundles in the 
receptacle. It will be seen that a strand passes 
-0. 
from bundle 14 to bundle 12 - similar to one of the 
bundles in the second type. 
The fourth type more closely resembles the 
thrid than any other type yet described, but 
presents striking differences from this. Fig.13A, 
B, and C, represent the bundles in transverse 
section at successively higher levels, while diagram 
VII is a reconstruction of the bundles above the 
level of departure of the stamen traces. It will 
be seen that the whole of a receptacular bundle 
passes out to become the midrib of a carpel in 
two instances, namely bundles 5 and 9. The one 
bundle as it passes out through the cortex gives 
off two small traces, which come to occupy a 
marginal position. The other bundle only gives 
off a single trace. in the midrib supply to the 
other carpels a large receptacular bundle gives off 
a trace. The portion of the bundle remaining in 
the main ring o f vascular tissue, divides at a 
higher level, and these two traces pass out immediat- 
ely, one to each adjacent carpel, to form the 
supply to one margin. Thus, in this particular 
flower a single bundle may supply the midrib and 
give off a small trace on its way through the 
cortex, or a single bundle may supply the midrib, 
and this again gitrres off traces on its passage 
-ÿ.1r 
through the cortex, and the one placenta of that 
carpel, also the adjacent placenta of a neighbouring 
carpel. 
We may summarise the various types in the 
following manner; - 
(1). A single bundlessupplies the midrib and 
both placenta of that carpel. 
(2). A single bundle dupplies the midrib and the 
one placenta of that carpel, also the adjac- 
ent placenta of a neighbouring placenta. 
(3). A single bundle supplies the midrib and two 
separate bundles form the marginal supply. 
(ÿ.). A single bundle supplies the midrib, and 
leaves in the receptacle two smaller bundles 
which later form part of the marginal supply. 
(5). A single bundle passes out to supply the mid- 
rib, and on its way through the cortex leaves 
two small strands, which enter the carpellary 
base. A4 a higher level one or two strands 
may enter and fuse with these. 
Thus we have a complete sequence from the 
type where a single bundle supplies the midriv and 
two placenta, to the type where three separate 
strands supply each. 
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At the base of each carpel there nay be 
present two or three bundles - the midrib and one 
or two marginal bundles. In the majority of the 
flowers sectioned there were present two bundles of 
equal size, but at a higher level they may fuse. 
In Other cases two bundles of unequal size were to 
be found, and these normally fused for a short 
distance, dividing later into two equal strands. 
Separation of the bundles occurs previous to the 
insertion of the first ovule. 
From the serial sections, it was seen that 
branching of the marginal bundles was frequent 
above the insertion of the first ovule. These 
secondary bundles supplying the ovary wall did not 
pass as far round as the midrib tissue. One or 
two branches appeared to arise from the midrib 
bundle itself near the base of the carpel. 
Fig.15A to G illustrates the details of the 
secondary sup-ly to the carpellary wall, and shows 
the variation which occurs in this venation. This 
variation is not only found to exist in different 
plants, but also in different carpels of the same 
flower. For example, fig.15E and D are carpels 
from one flower. 
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Examination of these figures reveals the 
fact that towards the base of the carpel, the ovary 
wall may be supplie by .ranches from the midrib, 
as well as from the bundles in the margins, while 
in the upper half the margins alone give off the 
whole of the secondary venation system. These 
particular figures have been selected especially to 
show the types of branching of the traces from the 
midrib bundle. In many fruits the midrib is 
iunbranched, as for example in fig.15D. Thomas ( ) 
in his description of Caltha states that the midrib 
is entirely unbranched. The branches of the midrib 
may be poorly developed lsee fig.15C and G) only a 
single small strand being given off, which is not 
branched and does not anastomose with the branches 
from the marginal bundles. In fig.15B there is 
only a single trace given off from the midrib, but 
here it is branches and anastomosis with another 
secondary carpellary bundle. Fig.15E illustrates 
a case where the carpel wall near the base is 
supplied by a branch from the midrib bundle. This 
is a large much branched vein. In this particular 
area of the wall there are no branches from the 
marginal bundle. In fig.15E and G there are three 
separate traces from the midrib, which are more 
strongly developed in the one carpel than in the 
N 
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other. One trace runs from the midrib to the 
marginal bundle unbranched, the other two passing 
out unbranched for varying distances into the 
carpellary wall. (See fig.15E). 
The secondary vascular supply derived from 
the marginal bundles forms the main supply in the 
carpellary wall. Branching may occur just as the 
traces leave the main bundles, but more commonly 
well out in the carpellary wall itself. These 
traces do not approach the midrib tissue, all ending 
blindly in the wall at varying distances from the 
midrib bundle. These secondary bundles may or may 
(see fig.15B and The carpels 
in which anastomosis occur present more complicated 
systems of venation than the others. The veins in 
the upper half of the carpel tend to be more strong- 
ly lignified than those developed at a lower level. 
The style in Caitha is very short and termin- 
ates in a well developed stigmatic surface coverdd 
with large papillate cells. As in the other parts 
of the carpel, so in the style, there is variation 
as regards the vascular supply. The following 
types have been found: - 
(1). All three main veins pass into the style, 
remain unbranched and do not fuse with thne 
another, (See fig.15E). 
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(2). All three may pass up into the style, but 
each branches several times, so that a 
semicircle of vessels surrounds the stylar 
canal. (See fig.15A.). 
(3). The midrib may continue up the style, the 
nwrginals ending blindly at the base. 
See .fig.l5D. 
(4). The midrib may divide into too at the base 
of the style and each part continue up the 
style, as is shown in fig.15v. In this 
case also, each of the marginal bu edles 
branch once and continue parallel to the 
midrib for varying distances up the style. 
.°ig.16A shows in longitudinal section a 
carpel, in which numerous branches are being 
given off by the midrib, and fig.16B shows the 
origin of one of these branches in detail. In 
fig.l7A the midrib and marginal bundles have fused 
in the style to form an arc of vascular tissue 
surrounding the stylar canal. In fig.170 the 
marginal bundles in the style have become reduced 
, there being no phloem present and only two 
xylem vessels. The midrib has divided, a pobtion 
being detached on either aide - as is shown in 
Fig.170 and in detail in fig,17B. 
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Thus in the flower of Caltha there is 
variation with regard to:- 
(1). The number of component parts in each whorl. 
(2). The origin and mode of branching of the traces 
to the perianth segments and the carpels. 
(a). In the perianth segments one, two, 
three or very seldom four gaps are 
caused by the departure of the traces 
to each segment. In the case of a 
single gap the trace immediately 
divides into three. In all the other 
types branching may or may not occur 
in the cortex, in the midrib as well as 
in the marginal bundles. Thus there 
is variation as regards the number of 
traces entering each segment. 
(b). Supply to the carpel. 
All types are found from. a single bundle 
supplying the midrib and both margins 
of a carpel, to separate bundles 
supplying all three. Normally three 
traces enter the base of each carpel, 
sometimes five, when the branches of 
the midrib strand enter previous to the 
main marginal sup-ray. 
(c). The sup7)1y to the c :r-oeliary 
The mar Linal bunC le s may give rise to 
the whole of the secondary vascular 
supply. The midrib, however, may 
give rise to traces which vary in size, 
in number, and in degree of branching. 
Anastomosis may or may not occur 
between the secondary lateral branches, 
(d). The sup.)ly to the style. 




In this genus three species were studied, 
(1). Helleborus orientalis. 
(2). Helleborus foetidus. 
(3). Helleborus viridis. 
Helleborus orientalis. 
The flower in this species has usually five, 
sometimes four, greenish white perianth segments, 
twelve to thirteen nectaries, a large numbdr of 
stamens, and five to six carpels. In every case a 
bract subtends the flower. 
A transverse section of the flower stalk 
below the region of departure of the perianth traces, 
reveals the presence of ten bundles surrounding a 
large parenchymatous pith (see fig. 1BA.) ; The 
cortex is about ten to twenty cells deep. Above 
the region of departure of the traces to the bract , 
there are usually divisions of the five bundles 
present, so that ten distinct bundles are present 
at a higher level. Of these two different types 
may be distinguished - (1) those which are radially 
elongated, (2) those which are tangentially elongat- 
ed. The former at a higher level will form the 
vascular supply to the perianth segments, while the 
latter supply the remaining whorls. 
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A radially elongated bundle usually divides 
into three equal parts, whilst still lying within 
the central stele. (See fig.18B). Sometimes, how- 
ever, a trace is given off, and later on the oppos- 
fite side another trace, while the remaining portion 
passes out at a higher level. (dee figs.IBD and 
19B and C). Of these strands, the central portion 
forms the midrib, which remains entirely unbranched 
as it passes out through the cortex. The two 
marginal bundles each divide into two, usually just 
Previous to entering the base of the perianth 
segment, so that the vascular supply consists of 
seven bundles. In fig.190 three of the marginal 
terianth traces have been given off branches. ïn 
the one case seven are entering the base of the 
perianth segment, in the other five are seen Passing 
out through the cortex, while in the third, one of 
the marginals is just giving off a trace. Thus all 
five of the radially elongated bundles pass out to 
form the perianth supply, one primary axis bundle 
to each segment. 
Meanwhile the other five main vascular bundles 
of the flower stalk have commenced to divide. In 
ali the cases the bundles become even more tangent- 
ially elongated. (See fig. 18C). The two ends 
curve outwards, so that the bundle has now become 
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concave to the outer epidermis. The curvature 
becomes progressively more marked until eventually 
a complete cylinder of xylem elements has been 
formed, enclosing within aome phloem and cambial 
cells. The pseudo- concentric bundles thus formed 
give off branches, which may,in turn, divide so that 
a system of cortical bundles, also pseude- concentric 
in character, results. The details of this process 
are shown for one peduncle in figs.l8A to D, 19A to 
D, and 20A to D, and the detail of one bundle in 
fig.21A to D. Following this development of the 
cortical bundle complex,a secondary simplification 
results largely owing to the reunion of these- 
bundles with the parent bundle. Some of the smaller 
cortical bundles pass out as the vascular supply to 
the lower nectaries, each nectary receiving a single 
trace. As a result of the behaviour of the bundles, 
there are present two bundles in place of the 
original tangentially elongated bundle, and,out in 
the cortex,a trace, which will supply the first 
formed nectaries. 
The bundles in the main ring now expand in 
a tangential direction, and each gives rise to three 
bundles,the central one passing out to supply 
nectary developed at a higher level. The gaps 
caused by the departure of the perianth traces are 
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now closed, and the receptacle contains a ring of 
vascular tissue consisting of numerous small bundles. 
These divide and give off traces to the staminal 
whorl, each receiving a single trace. 
After a number of stamen traces have been 
given off, the receptacle narrows, and there is 
a reduction in the number of bundles present due to 
fusion. Again, as in Caltha, owing to the spiral 
arrangement of the floral elements towards the apex 
of the receptacle, stamen traces can be seen passing 
out through the cortex, while at another point the 
carpellary midrib is commencing to pass out. The 
gaps of the last five of six stamen traces fail to 
close previous to the outward passage of the midribs, 
and normally remain thus. Five or six midribs may 
be seen passing out through the cortex, or lying in 
the carpellary base, as is shown in fig.22F. The 
remainder of the vascular tissue in the repecticle 
becomes grouped into a series of paired bundles - 
two opposite the base of each carpel. These bundles 
pass into their respective carpels, and form the 
marginal supply. No trace of any vascular tissue 
is left in the receptacle, nor do any vessels pass 
'into the pith. The whole is used up in the 
formation of the carpellary traces. 
-52- 
In all cases the midrib passes out rapidly 
through the cortex without branching, and comes to 
lie within the base of the carpel. In its vapid 
passage through the cortex, the midrib contrasts 
markedly with the marginal bundles which pass out 
much more slowly. 
It will be seen from a study of diagram VIII, 
which is a reconstruction of the vascular supply 
to the carpels of a flower, and fig.22 with the 
corresponding bundles in transverse section, that 
the origin of the midrib to the carpels varies. 
Five carpels are present in this particular series, 
and in four of these, a single strand gives rise to 
the midrib of a carpel, also the supply to one 
Our 
margin of the carpel without or with fusion with 
another receptacular bundle. In the other case 
a single bundle gives rise, not orals¡, to the mid- 
rib. b t Ciro to t e tas' :i; to 1.)oth margins of that 
carpel without fusion with other bundles. The 
vascular supply to adjacent placenta of neighbouring 
carpels is not fused. In the case of strand 
number ì., a small bundle passes from this to bundle 
number 5, but this is previous to the bundles 
becoming carpellary traces. Bundle ten divides 
one part passing to fuse with bundle 9, the other 
forming the supply to one margin of a carpel, 
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After the departure of the midrib traces, 
from the bundles on either side of the midrib gap 
a strand passes out through the cortex and comes 
to lie along side of the midrib, but never fuses 
with it. (See fig.22F and fig.23A). These 
strands do not arise simultaneously, one always 
passing out at a higher level than the other. 
This occurs in the case of four out of the five 
carpels. The exception will be dealt with later. 
These strands arise at various levels after the 
departure of the midrib, but in all cases are 
derived from the actual marginal carpellary 
bundles, and never from the receptacular ones. 
It should be noted, however, that the bundles still 
lie well outside the carpellary base, when these 
primary traces are given off. They may sometimes 
be given off when the midrib is still within the 
cortex. Thus we have the midrib, and just below 
it on either side, the two accessory strands which 
acccmany it, all three of which enter the carpel 
ba .e together. They pass straight out through the 
centre of the base of the carpel. These branches 
may not be given off until after the midrib has 
entered the carpel base, in which case, after 
entering the base they curve round the carpellary 
wall, just as if the loculus had been developed. 
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These primary traces although they are normally 
unbranched,may, in some instances, branch either ut 
the base of the caroel, or near the midrib. In 
both cases only one strand comes to lie parallel 
to the midrib. 
After the departure of these Primary traces 
the marginal strands ap-Jroach one another. 
Fusions occur between these strands suplying each 
carpel, but there is variation in the level at 
which this takes place. The fusion is very 
complete, the xylem elements of the bundles becoming 
completely intermingled, so that the strands lose 
their individuality. This single strand is concent- 
ric with the xylem centrally placed. This fusion 
may occur just after the departure of: the ri Nary 
traces - that is as the bundles pass out through 
the cortex. In this case a single strand enters 
the base of the carpel as the marginal supply. The 
bundles may not fuser however, until after they 
have entered the carpel base. Here, as in the 
Previous case, the fusion of the bundles was very 
complete, with a single bundle occup ing a central 
position in the base of the carpel. In an 
intermediate type, the vessels in the two 
just approach one another as they enter :he 
base, the fusion not being complete until :he 
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bundle is within the carpellary base. In this 
case, and in the one mentioned first, there is a 
two trace system at the base of the carpel, instead 
of the typical three trace system. This reduction 
in number is obviously due to fusion. 
This fusion bundle persists for a consider- 
able distance. Branches may or may not be given 
off from this to supply the ovary wall. As the 
point of departure of the first funicular trace is 
reached, the bundle divides into two, the strands 
passing to right and left respectively to occupy 
the normal position of the marginal bundles. In 
no case did the funicular trace arise from the 
fused bundle. 
Beforcthis level, the carpels have become 
free from one another, owing to the disappearance 
of the connecting parenchyma. The margins of the 
carpels have also become delimited. As the two 
bundles separate the infolded margins make their 
appearance. This infolding marks the point of 
attachment of the first ovule. Here the epidermal 
cells are enlarged, and the opposing margins press 
closely against one another. 
It was noted that in one carpel of this 
flower the prima±y traces were not given off by 
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the marginal bundles. This carpel is definetly 
abnarmal, as was confirmed after seve*al other 
carpels were sectioned. Almost as soon as the 
midrib passes out from the central cylinder, the 
bundles on either side of the midrib gap fused 
before any traces were given off. At a higher 
level, it was found that this carpel was open for 
some distance, the ovules being developed, not in 
the normal region of the placenta, but on that part 
of the carpel margin, which would normally have been 
in contact with the oppösite margin. 
Io find out if this variation in the 
vascular supply to the carpels of a flower were of 
general occurrence or not, many more fully developed 
flowers were sectioned. 
Diagram IX shows the vascular supply to a 
flower with five carpels in the region of the 
carpellary base. Here again the last five or six 
stamen gaps fail to close, so that the receptacle 
at this level, presents an appearance similar to 
that already described. In every case a single 
bundle gives rise to the midrib and part, if not all 
of the vascular supply to one placenta of that 
carpel. To all the carpels, we again get the two 
"-aces 
Primary passing out, and occupying a position near 
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near the midrib. These may Ile given off soon 
after the departure of the midrib or at a much higher 
level. Two marginal strands always enter the 
carpel base separately, and fuse at a higher level 
within the base of the carpel. Fere z,Jso, brc,ncheE 
may or may not arise from the fused bundles. Thus 
in this flower the course of the bundles is very 
similar to that described above with minor differ- 
ences. 
Diagrams X and XI are reconstructions of the 
vascular supply to the carpel base in two flowers 
each possessing six carpels. 
From diagram X, it can be seen that, in the 
case of three carpels, a single strand gives rise 
to the midrib and part, if not the whole of the 
Aarginal supply to one placenta. In the other three 
carpels, a single strand divides into three, the 
central part of which passes out to become the midrib 
while the two remaining parts form the supply to the 
two margins, wthth or without fusion with adjacent 
receptacular strands. Although there are a greater 
number of carpels in this flower, yet we do not 
have an increase in the number of bundles in the 
receptacle after the departure of the stamen traces. 
The receptacular bundles divide and give off traces 
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to adjacent bundles, so that the receptacle presents 
a much more complicated appearance than in the 
previous case. It will be noted that the bundles 
supplying adjacent margins of neighbouring carpels 
are fused in two of the carpels. (wee diagram X, 
bundles 8 and 9). Again the primary traces are 
given off , two to each carpel, and the marginal 
supply enters the base of the carpel as a single 
strand in two carpels. 
Diagram XI shows that one bundle divides into 
three the central part passing out to form the mid- 
rib, and the remaining two parts form the marginal 
supply, in the one case after fusion with other two 
receptacular bundles. The marginal supply to two 
carpels is fused for a short distance. Here, however 
the receptacular strands do not give off strands to 
adjacent bundles, and hence the reconstruction 
appears much simpler than that shown in diagram X. 
The primary traces may be seen here also, and the 
marginal bundles do mot fuse until they have entered 
the carpellary base. 
We may, therefore, summarise the conditions 
obtaining in Helleborus orientalis by stating that 
receptacular bundles may: - 
(1). divide to give rise to the midrib, and the 
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whole supply to that carpel, with or without 
fusion with other receptacular bundles. 
(2). give rise tp the midrib and the supply to one 
margin of that carpel, again with or without 
fusion with other recentacular bundles. 
The midrib is always entirely unbranched. 
Just as the marginal bundles start to become 
orientated, a well developed strand passes from 
each and comes to lie along side of the midrib. 
These bundles do not arise simultaneously. They 
may be given off while the midrib is still within 
the cortex, or after it has entered the carpel base. 
In the first case, the strand usually passes 
straight out through the centre of the carpel base, 
whilst in the latter, it may follow this course, 
but normally curves out round the carpellayy wall. 
This trace is usually unbranched, but forking may 
occur at the base or near the midrib, or at both 
points. One of these branches runs parallel to 
the midrib, the other fading in th;, wall. The 
marginal bundles may fuse in the cortex, just as 
they enter the carpel base, or with in the base of 
the carpel. In all cases division of this bundle 
occurs about the level ,, insertion of the first 
ovule, and at this level the margins become 
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delimited. Branches may or may not arise from 
the fused marginal bundles. 
From examination of the serial sections it 
was seen that strands passed out from the marginal 
bundles, curved round the carpellary wall, and 
eventually ran parallel to the midrib, but never 
fused with it. Fig.23D shows the position of 
these bundles at the base of the carpels. The 
details of the secondary vascular supply in the 
carpellary wall were studied in the mounted 
specimens of whole or half carpels. 
Above the level of the last ovule, it was 
seen that the amount of xylem in the vascular 
bundles of the Placentae had diminished. 
Compare Figs,24B and D. In some flowers there 
wets no lignified tissue whatsoever. The vessels 
are still present in the accompanying strands on 
either side of the midrib - which were derived 
from the marginal bundles. Just at the base of 
the stylar canal the lignified vessels again appear 
in the marginal strands, and are developed to a 
greater extent than previously. Similarly there 
is an increase in the number tf vessels present in 
the midrib bundle. Fig.24A and B are drawings of 
the midrib and marginal bundle at the base of a 
-61- 
carpel, shown under low power in fig.24+C. Fig.24D 
shows the appearance of the marginal bundle above 
the last ovule, while fig.25A is a drawing of the 
bundles at the base of the style. It will be 
seen that the traces are still present on either 
side of the midrib. The marginal bundles, now 
strongly developed, slowly pass round towards the 
midrib, and come to lie naer the bundles flanking 
the midrib. Thus at the base of the style there 
are present five bundles. This condition persists 
for a considerable distance. Fusions occur 
between the marginal bundles and their lateral 
branches. These become divided 4p in various ways 
so that there is a mass of xylem vessels forming a 
horse shoe or a circle of vessels below the midrib, 
and surrounding the apex of the stylar canal. This 
condition persists for the greater part of the long 
style. Although there are groups of vessels 
detached from this combined bundle, consisting of 
the marginal bundles and their lateral branches, the 
groups do not fuse with the midrib. It should be 
noted that there is no phloem associated with the 
marginal bundles at this level, and very little 
with the midrib. A shott distance from the apex 
of the style, the marginal bundles fuse with the 
midrib, and form a single strand which ends previous 
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to the stigmatic surface being reached. This 
bundle is seen in fig.25C. 
Fig.26A to C represents the vascular 
supply to the carpellary wall up to the point 
where the bundles enter the base of the style. It 
will be noted that the bundles present in the ovary 
wall all arise from the marginal bundles, while the 
midrib remains unbranched. It will be seen from 
an examination of these figures that these lateral 
strands leave the main bundles and may branch at 
any point on their course round the ovary wall. It 
is very frequent near the midrib, but occurs also 
just as the strands leave the marginal bundles, and 
at any intermediate point. In some eases the 
secondary strands do not divide, especially those 
towards the base of the carpel. The behaviour of 
these strands as they approach the midrib is 
characteristic of this species. The strands, which 
pass round as far as the projection which forms the 
midrib tissue, so not fuse with the midrib bundle, 
but curve sharply at right angles to their course, 
so that they come to lie parallel to the midrib, and 
continue thus for some distance, and then end 
abruptly. Meanwhile, a strand developed at a higher 
level of the carpel comes to occupy this position 
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near the midrib. In some cases this strand fuses 
with one which has persisted from a lower level, 
and both continue parallel to the midrib for a 
short distance. Then they die out and are 
replaced by another strand at a higher level. As 
a result of this, there is always a strand rreseent 
on either side of the midirb, but this is not a 
single strand which has persisted from the base 
to the apex of acarpel. As we approach the apex 
of the loculus it will be seen that a strand 
persists on either side of the midrib, and enters 
the base of the style. This lateral bundle is 
not necessarily derived from the last branch of the 
marginal bundle, but id frequently derived from a 
lateral at a lower level. (See fig.26C). The 
last two or three bundles derived from the 
marginal bundles frequently do not pass round as 
far as the midrib tissue. The course of the 
bundles was followed from the serial sections 
nld has been already described. 
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HELLEBORUS FOETIDUS 
This species differs from H. orientalis, in 
the colour of the perianth segments, in shape, and 
with regard to the number of carpels formed. Three 
carpels are usually developed but two occur frequently. 
It was found that out of the three generally present 
in a flower, there was very commonly a difference in 
size, one being considerably smaller than the other 
two. This difference was particularly noticeable in 
the ripened follicles, where it was found that 
sometimes only one carpel enlarged after 
fertilisation, the other two remaining more or less 
abortive. In some fruits all three were equally 
developed. 
The flower stalk and carpels are covered with 
large glandular hairs. (see fig. 31, D, E & F.) 
These are developed at a very young stage and only 
die when the fruit is developing. Between the 
carpels and the stamens the epidermal cells of the 
receptacle develop into large sessile glands. 
Above and below this region, however, the large 
stalked cells with swollen heads are found. These 
are found on all external parts of the carpel 
appearing on the projection of the midrib, and at 
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the infolded margins. They are developed for a 
considerable distance up the style but are not 
abundant in its upper half. 
A transverse section of the flower stalk just 
below the region of departure of the perianth traces 
reveals the presence of ten vascular bundles 
arranged in a ring, surrounding a large 
parenchymatous pith. As in H. orientalis there are 
two types of bundles, namely the radially and the 
tangentially elongated types. The latter pass out 
to form the supply to the perianth, one to each 
segment, after division into three. The division 
takes place prior to their departure from the main 
ring of bundles. Just before entering the base of 
the segment the marginal bundles divide once so that 
five strands enter. The midrib is unbranched (see 
fig. 28. B & C) . 
The tangentially elongated bundles have 
meantime become divided up into several smaller 
strands (see figs. 28 A & B.). Here, as in 
H. orientalis, the bundles expand tangentially but 
in this species become divided up into two, three, 
or four portions. These parts of the main bundle 
each form a concentric bundle with xylem 
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surrounding the phloem. Thus in this species the 
concentric bundles lie within the main ring of 
vascular bundles, instead of dividing in a radial 
direction as was the case in H. orientalis. In 
H. foetidus althougn some of the vessels continue 
to pass outwards they do not give rise to cortical 
concentric bundles. The concentric bundles only 
remain as such for a short distance. The vessels 
pass back towards the main strands and the concentric 
structure is broken down (see fig. 28 C.). The 
vessels run out tangentially and each concentric 
bundle eventually gives rise to several small strands. 
By this tangential expansion the gaps of the perianth 
traces become closed. In this species no bundles 
remain out in the cortex to supply the honey leaves. 
By further division of the receptacular 
bundles the traces are formed which pass out to 
supply the honey leaves. Later traces pass out to 
supply the stamens, a single strand entering the base 
of each filament. These traces arise in the same 
way as in the other species. The receptacle 
becomes narrower, and there is a reduction in the 
number of bundles present as the bases of the carpels 
are reached. All the flowers studied showed the 
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same vascular features up to this level. At a 
higher level, however, strikingly different 
arrangements in the bundles were found to occur in 
the various flowers studied, and also remarkable 
differences in the pith were noted. 
The first flower to be studied possessed only 
two carpels. In this, as the last stamen traces 
werd passing out through the cortex, the strands, 
which at a higher level, will become traces to the 
midrib of each carpel, can be seen still within 
the central ring of bundles. (see fig. 29. A, M.) . 
In the one case, a single receptacul.r bundle has 
divided into two, one strand of which at a higher 
level became the midrib of a carpel. The other 
main bundle divided into three, the central portion 
passing out as the carpel midrib. The gaps caused 
by the departure of the stamen traces are quickly 
closed, except the last two. As the mid rib traces 
are passing out through the cortex these gaps 
become closed. Thus a transverse section of the 
receptacle at this level shows a complete ring of 
bundles with gaps at two points - namely the midrib 
gaps; the bundles on either side of the midrib 
gaps have expanded tangentially so that the bundles 
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which will become the marginal supply to adjacent 
arE 
margins of neighbouring carpels 3s fused. The 
receptacle at this level is strikingly different 
from the corresponding level in H. orientalis. 
There the bundles did not expand tangentially to 
close the stamen gaps. 
It will be seen from fig. 29 A to D. that, in 
the bundles on either side of the midrib gaps, the 
xylem is not concentrated at one point only, but 
that there are four main groups and a few strands 
containing two or three vessels lie between these 
bundles and the midrib gaps. These small strands 
are the first ones to pass into the carpel. At 
about the same level, the main bundles divide, so 
that two bundles approach each carpellary base, 
one on either side of the midrib gap (see fig. 29 %.) 
The behaviour of the small groups of vessels is 
variable. In this flower it was found that they 
may: - 
,(l) pass out and fuse directly with the midrib (see 
fig. 29E). 
(2) pass round the carpellary wall for some distance 
and then end abruptly. 
(3) pass right round the carpellary wall and then 
fuse with the midrib. 
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Any remaining small groups of vessels enter the 
carpel base. Meantime, the main bundles which will 
form the marginal supply to the carpels, are passing 
out through the cortex. Two strands enter the 
base of each and fuse with the group of small 
vessels if any are present. The two bundles at the 
base of each carpel never fuse although they may 
approach one another very closely. Strands pass 
out to supply the carpellary wall below the level 
of insertion of the first ovule. At a higher level 
the connecting parenchyma is not present, and the 
carpels have become free. Above this level the 
margins of the carpels become delimited. 
The pith in this flower is very different from 
that of H._orientalis. Here, in the region of the 
last few stamen traces the cells in the pith commence 
to divide actively. Nearly all the cells possess 
nuclei, which divide and become separated by a cell 
wall, which is much thinner than that of the parent 
cell. 
The next flower to be studied possessed three 
carpels (fig. 30, A.). In this a receptacular 
bundle divided tangentially into two, one part passing 
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out at a higher level to become the midrib of a 
carpel opposite. To supply the second carpel 
developed a single strand divides into three, the 
central portion passing out at a higher level to 
become the midrib of a carpel. The midrib of the 
third carpel is derived from a receptacular bundle 
which has divided into two. 
Again, as in the other flower examined, the 
gaps of the stamen traces close rapidly by division 
and tangential expansion of the bundles. The 
last three gaps are only slowly closed by the 
expansion of the bundles. The receptacle at this 
level presents a similar appearance to that 
previously described. (Compare figs. 29 and 30 A.) 
The small groups of vessels are found to behave in 
a similar manner. In tw' carpels the whole group 
entered the base and came to occupy a marginal 
position. The receptacular bundles became divided 
up into six groups, two bundles entering the base of 
each. These fuse with the small groups of vessels. 
The pith in this particular flower showed the 
same cell division as in the other flower examined. 
Here however, there was a difference in that at two 
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points the division seemed to be focussed particularly 
on a few cells, so that as a result there was present 
a "nest" of meristamic cells (see fig. 31 C.) 
Again it may be noted that this condition aróse just 
as the last few stamen traces are departing, "nests" 
of meristematic cells originating near the centre of 
the receptacle, but passing out and eventually coming 
to lie just beneath the xylem in the two vascular 
bundles. At a slightly higher level they pass out 
and close the stamen gaps. The tissue formed 
from these meristematic cells appears to be exactly 
sitilar histologically to the phloem, but are situated 
internal to the phloem. Later when this tissue is 
present between the bundles it is continuous with 
the phloem of the two bundles. 
In another flower which was sectioned, these 
groups of "nests" of meristematic cells were 
developed to a greater extent than in the other types. 
These again lie internal to the phloem and later come 
to lie between the bundles. Thus the receptacle 
presents a different appearance to any yet described 
as all the gaps are bridged by tissue derived from 
meristematic cells. Similarly, after the departure 
of the midribs, cells pass in but do not completely 
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close the gaps. This tissue passes into the base 
of the carpel and round the wall as the first trace. 
The receptacular bundles separate into six main 
groups, and more meristematic cells close the gaps 
for a short distance. After the marginal bundles 
have entered the base of each carpel another group 
Of cells appears in the centre of the pith. This 
remains in the position and dies out at a higher 
level. In another flower similar to that described 
above, the connecting parenchyma persisted after the 
delimitation of the margins. (See fig. 30 B.). 
Several other flowers were sectioned to 
determine if this aivision in the cells of the pith, 
and the appearance of "nests" of meristematic cells 
were of constant occurrence or not. The division of 
isolated cells was found to be fairly frequent, being 
accompanied in a few cases by the meristematic groups 
of cells. In other cases there was no active 
division whatsoever in the pith. On account of this 
the sections presented dissimilarities in the various 
cases at corresponding levels. 
Fig. 30 C. is a transverse section near the 
base of the carpels in a flower in which there are no 
divisions in the pith. The form of the bundles is 
_73_ 
different from the others described. Here they are 
not tangentially elongated, and the bundles do not 
give rise to small groups of vessels. The gaps of 
the last three stamen traces fail to close. 
There are present in the receptacle five bundles 
three of which are larger than the other two. Each 
of the large bundles divides into three, the central 
portion passing out as a carpel midrib. In fig. 30 C 
two of the midribs are just leaving the main ring of 
vascular tissue. One of the remaining bundles has 
fused with another receptacular strand whilst at 
another point two bundles are approaching one another 
and fuse at a higher level. The largest of the 
bundles divides into three, the central portion 
passing out as the midrib, while the two remaining 
portions form the marginal supply at a higher level, 
*ithout fusion with other receptacular strands. Thus', 
in this case, no small groups of vessels pass in 
previous to the main supply and form the first trace 
to the carpellary wall. The arrangement of the 
bundles in the receptacle, and the shape, .closely 
resemble H. orientalis, but differ as regards the 
number present, the lack of primary traces, and the 
independence of the marginal bundles. This flower 
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differs from the other H. foetidus already described, 
in the shape of the bundles, the lack of the meriste- 
matic "nests" or cell division in the pith, and the 
small groups of vessels or tissue derived from these 
"nests" which enters the base previous to the inward 
passage of the main marginal supply. 
Another flower presented similar features in 
transverse section, again the lack of cell division 
being a marked feature. In this case, however, the 
strands which form the adjacent marginal supply to 
two neighbouring carpels are fused in the receptacle 
(see fig. 30 D.). This single strand divides into 
two parts, one of which passes out to supply the 
adjacent margins of two carpels. Here also the 
origin of the midrib is variable, a single 
receptacular strand dividing into two one part 
immediately becoming the midrib. To supply another 
carpel, a single bundle divides equally into three, 
whilst the third carpel again there is division into 
three but the two remaining strands are of unequal 
size. 
This flower resembles H. orientalis even 
more closely than the previous example. Here there 
is the variation in the origin of the midrib, and 
the fusion of strands which form part at the marginal 
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supply of two carpels. 
Thus there enter the base of each carpel 
three main bundles - the midrib and two marginal 
bundles. The marginal bundles remain distinct 
throughout their course. As in H. orientalis it is 
the marginal bundles which give off strands to 
supply the ovary wall, the midrib remaining 
unbranched. Although there is agreement in this 
point the method of branching of the secondary 
vascular strands and of the vascular supply to the 
style are entirely different. 
From the transverse sections it was found 
that in this species there were no bundles flanking 
the midrib, due to the fact that the lateral 
branches from the commissural strands either fuse 
directly with the midrib or do so after running 
parallel to it for a short time. As the apex of 
the loculus is reached, it was found that the xylem 
elements in the marginal bundles die out for a short 
distsnce3only for the lignification to reappear at a 
higher level. The number of vesséls in the marginal 
bundles at this level is less than in H. orientalis. 
At the base of the style there are present five 
bundles, the midrib, a strand on either side, and the 
-76- 
two marginal bundles. The bundles flanking the 
midrib are branches from the marginal bundles, 
which have been given off at a lower level. This 
condition persists for some distance up the style. 
Gradually the branches from the marginal bundles 
approach the midrib and fuse with it. (See fig. 31 A). 
There is thus a solid arc of xylem in the position of 
the midrib. The bundles remain thus until almost 
the apex of the style. Here the marginal bundles 
pass round and fuse with the compound midrib bundle, 
so that there is a semi -circle of xylem vessels in 
the style. These all end abruptly below the 
stigmatic surface. It will be noted that, as in 
H. orien talis, there is only a small amount of phloem, 
and that this is associated with the midrib bundle. 
The details of the branching of the secondary 
supply to the carpellary wall were stmdied from the 
mounts of whole carpels. Fig. 27 A - C shows the 
main characteristics of the venation of the 
carpellary wall in this species, and are strikingly 
different from the other species. The number of 
branches given off by the marginals varies 
considerably. In some cases only ten main branches 
off 
were given, while in others twenty were founu to be 
present. These strands branch frequently and 
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anastomose. Branching may occur as the strands 
leave the marginal bundles, near the midrib, or at 
any point in its course round the carpellary wall. 
In general, the secondary strands developed near the 
wa21 
base of the carpellary tend to branch less frequently' 
than those given off at a higher level. In the upper 
third of the carpel wall the lateral strands branch 
frequently and anastomose, so that the wall is 
closely veined. The lower branches of this system 
tend .;to curve downwards, the central ones pass 
straight out, whilst the higher ones curve upwards, 
thus dividing the carpel wall into three main 
divisions. 
It will be seen that many of the branches end 
blindly in the carpellary wall, particularly the 
shorter ones which fail to ., anastomose. Near the 
midrib the strands tend to become more branched, and 
of these only one or two fuse with the midrib. Near 
the apex it will be seen that a branch of the last 
lateral from each of the marginal bunales enters the 
base of the style. In fig. 27 C, however, it is a 
strand given off at a lower level which passes up 
and enters the stylar region. 
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HELLEBORUS VIRIDIS. 
In this species the number of parts in the 
gynoecium varies from three to four carpels, there 
being normally four present. This species is thus 
intermediate between H.orientalis and H. foetidus. 
here the flower stalk is covered with hairs, but 
they do not possess the swollen head which was 
characteristic of H. foetidus. No glandular hairs 
occur on the carpellary wall, but in some flowers 
there were small crescentic pits, the epidermal 
cells of which appeared to be of a glandular nature. 
Here, as in the other species, just below the 
region of departure of the perianth traces, the 
flower stalk contains ten bundles arranged in a ring. 
Of these five are radially elongated, and pass out 
to supply the perianth segments. These divide as 
in the other two species, the primary division being 
into three, the midrib remaining unbranched, whilst 
the marginal bundles usually divide once, so that 
there are again five strands entering the base of 
each perianth segment. 
The method of division of the tangentially 
elongated bundles is remarkably different from the 
other two species studied. Here, after the division 
of the bundles of the pedicel into two main types, 
the xylem vessels in the tangentially elongated 
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bundles end abruptly, so that there are no lignified 
elements in these bundles at the level shown in 
fig.32A. This coneAtion persists for some time, 
the position of the bundles being indicated by the 
the phloem elements. Fig.32B shows the appearance 
of the receptacle at the point where the vascular 
bundles again contain the lignified elements. It 
will be seen that the bundles have expanded in 
a tangential direction, and that the vessels are 
in small scattered groups, and occupy a different 
position than at a lower level. These strands 
continue to become divided up into smaller portions 
pass out tangentially and thus fill the gaps 
caused by the departure of the perianth traces. 
One flower, however, presented an entirely 
different appearance at this level, as is shown in 
fig.320 and D. Here, instead of the lignified 
elements failing to be present in the tangentially 
elongated bundles, the amount of xylem increased, 
owing to the activity of the cambium, so that here 
these bundles are well developed. These bundles 
continue to expand (fig.32E and F) and begin to 
to become divided into a number of smaller bundles. 
Above this level the perianth gaps begin to close, 
and the strands which pass out to supply the first 
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formed nectaries can be seen. (See fig.32G). 
Each nectary receives a single trace. After the 
departure of all the traces to the nectaries, the 
supply to the staminal whorl is given off. One 
trace enters each stamen. After numerous traces 
have been given off, the receptacle becomes 
narrower, and contains fewer bundles. 
Diagram XII is a reconstruction of the course 
of the vascular bundles above the level of the 
last stamen traces. Fig.33A to C represents this 
reconstruction in transverse series at various 
levels. Fi833A shows the arrangement of the 
bundles in the receptacle at the level where the 
last of the stamen traces are departing, and can 
be seen passing out through the cortex. There 
are also two midrib bundles still within the main 
ring of vascular tissue - bundles 6 and 13. 
In this particular flower there are four cappels 
developed. Ir will be seen from a consideration 
of the reconstruction that, in the case of carpels, 
a single receptacular strand divides into two, 
part passing out as the supply to the midrib of 
a carpel, and later the remaining portion, after 
fusion with another receptacular bmndle or bundles 
becomes the supply to one margin of that carpel. 
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In the case of the other two Oarpels, a single 
receptacular strand divides into three portions, the 
central one becoming, at a higher level, the midrib 
of a carpel. The other two strands fuse almost 
immediately with neighbouring bundles, and form 
the marginal supply to th:; respective carpels at a 
higher level. 
The midrib always passes out through the 
cortex and carpellary base without branching. The 
receptacular bundles, just as they become orientated 
may give off a small strand, which enters the carpel 
base previous to the main supply - as is shown in 
diagram XII. These pass either out through the 
carpellary base, or curve round the wall and end 
blindly. In one case, a branch from bundle 12, 
a strand passes towards an adjacent receptacular 
bundle, but does not fuse with this although 
approaching it very closely. This strand later 
enters the base of the carpel, and fuses with the 
midrib, which is running out through the tase. 
These small strands may not be given off, but when 
they are, in no way compare with the well developed 
bundles in H. orientalis. The whole of the vascular 
tissue left in the repeptacle after the departure of 
the midribs, and the small traces, if any, enters 
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the margins of the corresponding carpels. 
In this pith there is no active cell division 
and thus resembles H. orientalis. It differs, 
in that the strands which arise sometimes from the 
marginal bundles are small and fail to reach the 
midrib tissue. In this respect the condition is 
more comparable to that found in H. foetidus. 
As the marginal bundles enter the base of the 
carpel in two out of the four carpels fusion of 
6 
these bundles occurs. This very complete, so that 
there is a solid circle of xylem vessels surrounded 
by pfloem. In another case the xylem bundles in 
carpellary base approach one another very closely, 
coming into contact at one point, but retaining 
their individuality, and separating more widely at 
a higher level. In the remaining cartel the 
bundles do not come into contact as they enter the 
carpel base, and remain apart, not fusing at any 
point in their course - see fig.32C. From these 
bundles previous to the insertion of the first 
ovule, strands pass out round the ovary wall. The 
fused bundles divide into two, and come to occupy 
a marginal position in each carpel. The carpels 
soon become free, and the margins are delimited. 
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Strands continue to pass out from the marginal 
bundles, curve out round the carpellary wall, and 
fuse with the midrib. 
Diagram XIII,is a reconstruction of the 
vascular supply to the carpels of another flower. 
In this only three carpels were present. Here, 
a receptacular bundle divides into or three, one 
part passing out as the midrib, and the remaining 
parts forming part, if not the whole, of the 
marginal su?oply. As the receptacular bundles 
become orientated a small strand pay pass out and 
end blindly in the carpel wall. As the marginal 
bundles enter the carpel base they fuse, so that 
a single concentric bundle enters the base of each 
carpel, and occupies a central position. Again 
each single strand divides into two, and above 
this level separation of the margins occurs. 
Thus, at the base of each carpel there are 
present two marginal bundles and a midrib, in this 
species not accompanied by any flanking strands, 
The strands which pass out from the marginal 
bundles appear to fuse with the midrib directly. 
Owing to insufficiency of material it was not 
possible to trace in detail the venation of the wall 
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The number of lignified elements in the 
marginal bundles decreases as the apex of the 
loculus is reached. Above the level of the last 
ovule there are no vessels present. The midrib at 
this point is a single bundle, and contains many 
vessels. It is not until within the base of the 
style that vessels again appear in the marginal 
position. In the midrib division has occurred, so 
that there is a central portion and on either side 
a group of vessels. Thus the bundles in the style 
although presenting a similar appearance to those of 
H. foetidus, differ in that the bundles on either 
side of the midrib are derived from the midrib 
itself, and not from the marginal bundles as in the 
other case. Slowly the marginals approach the 
midrib and there is formed a solid are of xylem 
vessels near the apex of the style. These die out 
previous to the formation of the stigmatic¢ surface. 
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CCi.IrAiiISION AND SUiTivi.ARY OF TILE THREE 1-141L ET3ORUS S:1'ECILb . 
In all three species, in the flower stalk, there 
are five radially and five tangentially elongated 
bundles, each of the former giving rise to the 
vascular supply to one perianth segment. The 
behaviour of the remaining five bundles differs in 
the vo_rious species. 
(1). In H. orientalis et first a system of cortical 
concentric bundles is formed, disintegration 
of these occurring at a higher level, the 
vessels passing back into the main vascular rins, 
but a small strand being left in the cortex, 
which passes out as a trace to a nectary. In 
the vascular ring there are now tmo bundles in 
place of the one tangentially expanded bundle. 
(2). In H.foetidus as a result of the tangential ex- 
oansion of the bundles, there is a series of 
concentric bundles all lying in the main 
vascular ring. Theseconcentric structures 
break down, accompanied by still further tan- 
gential expansion, so that the perianth gaps 
are closed. It is from this system that the 
traces to the nectaries arise. 
(3) . In H.viridus two main types are to oe found. 
(a). The lignified elements fail to be 
developed in the bundles for some distance, 
and an reappearing the vessels are in 
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several small isolated groups. 
(b). Due to cambial activity there appears to 
be an increase in the amount of xylem in 
the bundles. Tangential expansion occurs 
with separation of small bundles, until 
the perianth gaps are closed. 
Here, there is no formation of pseudo- concentric 
bundles. 
The fundamental carpellary supply in all species 
examined is similar. A single bundle may divide to 
supply the threeparts of the carpel, or a single strap 
ray supply the midrib and one margin of the carpel, 
while another receptacular bundle supplies the other 
argin of that carpel. In no case did three separate 
undies supply the midrib and each margin. Fusions 
ay or may not occur between the receptacular bundles. 
In H.orientalis and H.viridus the marginal 
bundles fuse either within the cortex or within the 
carpellary base, to form a single concentric bundle 
with the phloem surrounding the xylem. In both species 
the marginal bundles may remain separate and never 
fuse. In H.foetidus in the material examined the 
marginal bundles never fused. 
The receptacle, however, presents striking 
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differences in the three species, due to the variation! 
¡in the number of carpels formed, and the behaviour of 
the receptacular bundles. In H.orientalis the last 
five or six stamen gaps fail to close. From the two 
bundles opposite the base of each carpel a well 
defined strand passes out and comes to lie along side 
of the midrib, but does not fuse with this. Mien 
these traces are given off the midrib may be in the 
cortex or within the base of the carpel. In 
#i. viridus the last three or two gaps of the stamen 
traces fail to close. Small branches are given off 
rom the bundles opposite the base of each carpel, 
ut this is not of constant occurrence. These are 
very small and fail to reach the midrib tissue, ending 
blindly in the carpellary wall. In H.foetidus, 
failing the development of groups of meristematic cells 
the stamen zaps do not close and there are no primary 
traces given off. If groups of meristematic cells 
arise in the pith they pass out and close the stamen 
gaps, and also come to lie on either side of the 
Midrib gaps, this tissue entering the carpellary base 
previous to the main marginal supply. 
In all three species the supply to the wall of 
the carpel is derived solely from the marginal bundlez. 
In H.orientalis as these secondary traces approach 
the midrib they turn at right angles to their course 
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and form a flanking system on either side of the 
midrib. In H.foetidus these bundles fuse directly 
with the midrib, and this appears to occur in 
H.viridus also. 
Above the level of departure of the last 
unicular trace the vessels fail to be developed in 
he marginal bundles but reappear again at a higher 
level. This unlignified tissue exists for a 
bonsiderable distance in H.viridus. 
The stylar supply differs in the three species. 
(1). In H.orientalis at the base of the style there 
are five bundles, the midrib, the two marginal 
bundles and taro branches from the latter. 
The marginal bundles fuse with their branches, 
and at a higher level with one another thus 
forming an arc of vessels surrounding the 
stylar canal. 
(2). In H.foetidus again five main bundles enter 
the base of the style, but in this species 
the lateral branches from the marginal bundles 
fuse with the midrib, and it is only at the 
apex that the marginals fuse with the midrib. 
(3). In H.viridus there are five bundles at the 
base of the style but here it is the midrib 
which divides and gives off two branches. 
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The marginal bundles very slowly approach the 
midrib, which hati again become a single 
structure, so that there is a single bundle 
below the stigmatic area. 
,rithin the style the phloem is not present in 
the marginal bundles or its branches, and only a little 
ispresent in the midrib, but this dies out at a higher 
level, only vessels being present in the upper half 
of the style. 
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ERANTHIS. 
In this genus two species were investigated, 
namely: - 
(1). Eranthis cilicica. 
(2). Eranthis hyemalis. 
In both the perianth segments alternate with 
one another, and with the honey leaves. The 
stamens tend to be arranged in oblique rows, while 
the carpels may, in some flowers, be arranged in 
two alternating whorls, although normally in a 
spiral. 
Surrounding each flower, there is a three 
leaved involucre of bracts. The flower itself 
consists of six yellow perianth segments, six honey 
leaves, six rows of obliquely arranged stamens, 
whilst the gynoecium consists of carpels, varying in 
number from three to twenty. These are all shortly 
stalked. In E. cilicica glandular hairs are 
present on the wall of the carpel. (See fig.37E). 
Eranthis cilicica. 
A transverse section of the flower stalk, a 
short distance below the region of departure of the 
bract traces, shows a ring of bundles of varying 
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sizes surrounding a hollow pith. (See fit.34A). 
Six large vascular bundles are present placed 
equidistant form one another , and between these 
numerous smaller bundles of varying sized occur, the 
central one of which tends to be larger than the 
others. On either side of each large bundle, there 
is a small accompanying strand. (See fig.34.A, B, 
and C). Fusions occur between the small bundles`; 
so that , just below the region of formation of the 
bract traces, three intermediate strands are to be 
found. 
It is the six large vascular bundles which 
become the traces to the bracts. These may divide 
while still within the king of bundles, or on their 
outward passage through the cortex. Three of the 
large bundles pass out, each of which becomes the 
midrib of a bract. The remaining three bundles 
give rise to the marginal traces. Each bundle 
divides, one part forms the supply to one margin 
of a bract, the other portion supplying the margin 
of adjacent bract. Thus one whole and two half 
bundles supply each bract tf the involucre. (SEE 
fig. 34+C) . 
In some specimens examined, seven large 
bundles were present in the pedicel, so that, in 
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one case, two separate bundles supplied adjacent 
margins of neighbouring React segments, and not 
a coamon strand, as in the other two bracts. 
The intermediate bundles have already 
commenced to divide into a number of smaller 
bundles, and from these arise the traces to the 
perianth segments. One two or three gaps may 
arise in the stele as a result of the departure of 
the traces to each segment. Three stelar bundles 
are normally invölved in the supply to one segment, 
the whole, ob part only, becoming a trace. Fig.34 
D illustrates a flower, in which, traces are running 
out to three perianth segments, one, two, and three 
gaps arising in the stele, as the result of the 
departure of these traces. Division of the 
marginal bundles may occur in the cortex, while 
division of the midrib is not of frequent occurr- 
ence. The perianth supply is thus similar in 
many respects to that of Caltha. 
After the departure of the perianth traces, 
the supply to the honey leaves is given off. A 
receptacular bundle may divide into two or three 
parts, one of which becomes a trace to a nectary. 
In a similar manner the traces pass out to the 
stamens. 
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The carpellary supply is illustrated by 
diagram XIV and fig35A to D, also diagram XV with 
fig.36A to C. The one flower contains nine carpels, 
while in the other twenty five are developed. 
From a consideration of diagram XIV, it will 
be seen that there is variation with regard to 
the behaviour of the bundles above the level of 
departure of the last stamen traces. Division of 
many of the receptacular bundles occurs a consider- 
able distance before their outward passage as 
carpellary traces. It will be seen from fig.35C, 
that opposite the apparent base of insertion of 
each carpel, there is present a single vascular 
bundle, the whole of which later passes out as the 
midrib of the corresponding carpel. The bundle 
passes out without branching, either within the 
cortex or carpellary base. A single receptacular 
bundle may give rise, not only to the midrib, but 
also to the supply to one margin of that carpel. 
This condition is seen it diargam XIV, bundle f. 
In many cases, however, this remaining strand 
divides to supply one margin of two carpels - as in 
the case of bundles 8 and 12. Fusions may occur 
between receptacular bundles, lying between the 
midrib gaps, previous to their outward passage as 
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marginal bundles, again each dividing to supply 
one margin of two carpels. 
In diagram XV more frequently a single 
receptacular strand, without previous division 
forms the midrib bundle of a carpel. In one case, 
bundle 18, a single strand divides to form the mid- 
rib and the marginal supply of a carpel. In this 
particular carpel, only two bundles enter the 
pedicel, division of the larger one occurring at 
a higher level within the pedicel, so that the 
three main traces are present at the level of the 
loculus. Two carpels are formed at a very much 
higher level than the other carpels - see fig.360. 
The traces to these arise from receptacular bundles, 
which,at a lòwër level, have given off marginal 
traces to the first formed carpels. (See fig.36 
and diagram XV, bundles number 4 and 6, also bundles 
10, 12 and 15). This offers a parallel to the 
condition obtaining in Trollius, where the 
receptacular bundles give off traces to the first 
formed circle of carpels, later to the seeond, and 
finally enter the later formed carpels, occupying 
a midrib and marginal position. It is of regular 
occurrence in Mils genus, but in Eranthis is an 
isolated example. 
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To form the marginal supply a single bundle 
between the midrib gaps, divides to supply one 
margin of two adjacent carpels. This ig of 
regular occurrence when three bundles enter each 
carpel. 
In three of the fifteen carpels, only two 
bundles enter the base of each. In these cases 
the intermediate bundle between the midrib gaps 
fails to divide, the whole entering the base of 
one carpel 4. e.g. bundles 20, 16. 24. A single 
bundle forms the whole supply to one carpel. (See 
fig.36A to C, bundle 19). 
Thus one two of three bundles may enter the 
base of each carpel. Within the pedicel division 
occurs, so that, when the level of the loculus is 
reached, three strands are present. 
From the serial sections it was observed 
that the main supply to the ovary wall was derived 
from the marginal bundles, and that these secondary 
strands did not fuse with the midrib. in some 
it was seen that within the pedicel one, or two, 
branches were given off from the midrib bundle, and 
that these formed the first branches in the wall 
above the level of the loculus. 
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Fig.37A and B, show the relative size of 
the midrib and marginal bundles in a fully 
developed flower. It will be noted that the midrib 
contains about the same number of vessels as the 
marginal bundles. 
The venation of the carpellary wall was 
investigated from cleared preparations of whole 
carpels. r'ig.39A and B illustrates the course of 
the secondary system of bundles in the carpels. 
Branches may or may not be g;iven off by the midrib 
bundle, but when present, forms the first branch in 
the carpellary wall. In all cases it arises in 
the pedicel. It amy be :- 
(14 relatively short, failing in a few cases to 
reach the expanded wall of the carpel, 
(2) pass out round the wall without branching, 
(3) may branch several times. 
This branch from the midrib never fuses with any 
lateral branches from the marginal bundles. 
The main secondary supply, however, arises 
from the marginal bundles. These give off varying 
number of branches to the wall of the ovary. The 
laterals tend to branch frequently, as they pass out 
towards the midrib tissue. Anastomosis is of 
relatively rare occurrence, the branches from one 
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main lateral remaining independent throughout their 
course. The laterals ap:roach the midrib bundle 
but never fuse with it. Some may curve round 
sharply at right angles and run parallel for a 
short distance. 
At the base of the style the marginal bundles 
end abruptly. No laterals from the these bundles 
enter the stylar canal, the midrib alone forming, 
in all the specimens examined, the entire vascular 
supply. This latter remains unbranche , and ends 
blindly Fust beneath the stigmatic surface. r'ig.. 
37D shows the midrib bundle near the apex of the 




This species differs from the preceeding,, 
in that, the number of carpels in the gynoecium 
tends to be reduced in number to six or seven. 
The arrangement of the bundles in the 
flower stalk , below the region of formation of 
the perianth traces, is similar to that of E. 
cilicica. Six of the large vascular bundles 
give rise to the bract supply, sometimes seven, 
and divide in a.. manner similar to the preceeding 
species. In the perianth supply there are 
remarkable differences. Again, after the 
departure of the bract tkeaces, the intermediate 
bundles divide into a number of smaller bundles. 
In this species, five, seven, or nine gaps may 
arise in the relation to the supply to one 
perianth segment. Again division of the bundles 
may occur in the cortex. 
After all the traces have passed out to 
the perianth segments, the vascular supply is 
given off to the honey leaves, and the stamens. 
these arise in the same way as in E. cilicica. 
Diagram XVI with fig.38, and diagram XVII, 
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illustrate the vascular supply to the carpellary 
ta$e in two flowers, one of which possesses six, 
the other semen carpels. 
Diargam XVI shows that a single redeptacular 
bundle passes out to become a carpellary midrib. 
Only in one case is there division of a bundle, one 
part becoming the midrib, the other portion forming, 
at a higher level, part of the supply to one margin 
of that carpel. There may be one, two, or three 
bundles between the midrib gaps. Fusion of these 
strands takes place, so that, there is only a single 
bundle Iletween the gaps. These divide equally 
into two, each part supplying one margin of two 
adjacent carpels. In all the other carpels of 
this flower, three separate strands enter the base, 
the midrib and the two marginal bundles. 
In diagram XVII, one additional carpel is 
formed, but this is not associated with an increase 
in the number of bundlesiin the receptacle after tl.e 
departure of the stamen traces. In two carpels 
the midrib arises from a bundleswtich divides and 
supplies also two margins - adjacent margins of 
neighbouring carpels. (See diagram XVII, bundles 
5 and 10). One or two bundles may lie between the 
midrib gaps, and in the latter case, the bundles 
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fuse to become a single strand. Division of these 
single strands takes place, the two resulting strands 
passing out to form part of the marginal supply of 
!adjacent carpels. 
Thus in this species, in the flowers examined 
three separate strands enter the base of each carpel. 
In no specimen did the marginal bundles of a carpel 
fuse. All the vascular tissue, as in the other 
Eranthig, species, was used up in the formation of the 
carpellary traces. 
Examination of the secondary vascular supply 
to the carpellary wall showed that this exhibited 
the same type of venation as in E. cilicica, namely 
the presence or absence of the branches , or branch, 
from the midrib, arising within the pedicel, and 
forming the first branch in the carpellary wall, the 
frequent branching of the secondary vascular bundles, 
infrequency of anastomosis, failure of the latterals 
to fuse with the midrib, and the midrib alone 
continuing in the style, the marginals ending 
abruptly at the base of the style. These various 
features are illustrated in fig.40. 
Thus the two species are similar as regards 
the vascular supply to the various whorls, excepting 
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the perianth supply. In E. cilicica only three 
gaps are caused by the departure of the traces, 
whereas in E. hyemalis five or more gaps occur. 
larger number of traces enter the base of each 
segment in the latter. The origin of the carpellary 
traces is very similar in the two species. Compare 
diagrams XIV and XV, with diagrams XVI and XVII. 
A 
From the various flowers examined we may 
conclude that the basic type is where a single 
bundle supplies the midrib, and the two receptacular 
bundles between the midrib gaps fuse for a short 
distance, later divide, and supply one margin of 
two adjacent carpels. As a result of the increase 
in the number of carpels, various modifications of 
this are to be found. They may be briefly 
summarised as follows: - 
(fly). A single bundle supplies the midrib, but 
only one bundle is present between the gaps, 
and this divides to supply adjacent margins 
of neighbouring carpels. 
(2). A single bundle supplies the midrib, and also 
the two adjacent margins of neighbouring 
carpels. 
(3). A single bundle supplies the midrib, and one 
margin of that carpel. 
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(4). A single bundle sup -plies the whole carpel. 
Division of a receptacular bundle occurs,at 
a higher level, part of the bundle becomes 
the midrib, and later the remaining portion 
enters. Division of the larger bundle 
occurs within the pedicel. 
(5). A single bundle supplies the whole carpel, 
but in this case, enters as a single strand. 
(6). A single bundle supplies many carpels. This 
occurs when a second circle of carpels is 
formed, a receptacular strand dividing to 
supply both whorls. 
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ClMlCIr'LTGk 
Two species were investigated, anatomically, in 
this genus. 
(1) Cimicifuga davurica 
(2, Cimicifuga racemosa 
The flower consists of four or five white 
;perianth segments, followed by an equal number of 
honey leaves, a great many stamens, spirally arranged 
and in C.davurica, the gynoecium consists of normally 
five carpels, but the number may range from two to 
six. In the other species, however, only a single 
carpel is present. The carpels in the former 
species are all shortly stalked. Hairs are present 
;on the carpellary wall in both species, as well as 
on the flower stalk and part of the receptacle. 
Cimicifuga davurica 
There is variation with regard to the 
arrangement of the bundles in the peduncel. In 
ome stalks sclerenchyma was found to be associated 
with the bundles, whilst in others, this was absent. 
Where sclerencyhma was developed, as the level of 
departure of the perianth traces is reached, the 
thicnening ceased to be laid down on the cell walls. 
A. No selerenchyma present 
In this type, five bundles were found to be 
present in the peduncel, arranged in a ring 
surrounding a solid pith. As we pass up the stalk 
towards the base of the receptacle it was found that 
the bundles divided, so that there were seven to 
ten bundles at the level of departure of the perianth 
traces. 
B. Sclerenchyma present. 
Two types were found, as illustrated in Fig. 
41 A and 3. Fig. 41 A is similar to the above type, 
but with a ring of sclerenchyma, broken at two points, 
surrounding the bundles, The are sclerenchymatous 
indentations which separate the bundles. In Fig.4l' 
B, there is a complete ring of sclerenchyma, with 
numerous indentations. The stele consists of about 
ten separate bundles, separated by the sclerenchyma. 
In this latter type, the bundles, without previous 
subdivision, give rise to the traces of the perianth 
segments. In the former type however, the bundles, 
after the disappearance of the sclerenchyma, form 
two arcs of vascular tissue - the individual strands 
having fused with one another on either side of the 
gaps. It is as a result of the departure of the 
perianth traces that the stele becomes dissected. 
Part of a bundle, occasionally the whole, 
leaves the main ring of vascular tissue, passes 
straight out through the cortex, and enters the base 
of a perianth segment., Division occurs within the 
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base, giving rise to a midrib and two marginal 
bundles. There is no further subdivision of these 
bundles.(See Fig.4l C). In a few cases, prior to 
entering the base of a segment, division occurred, so 
that three separate strands entered the base of each 
- i.e. division occurred in the cortex instead of 
within the base of the segment. Three or four other 
such traces arise, and pass out to the remaining 
segments. 
As a result of the departure of these traces 
the stele has become further divided into smaller 
bundles, and numerous fusions occur. Traces how 
pass out to supply the nectaries and stamens, one 
trace entering the base of each. These traces are 
given off in rapid succession, the gaps being quickly 
closed by division of adjacent receptacular bundles. 
The gaps continue to be closed, until the last 
two, which normally fail to close. In some specimens 
examined, the last three or four gaps never closed, 
whilst in others the last two or three gaps closed, 
and the gaps of stamens traces given off at a lower 
level remained unclosed. 
To consider the normal type in which there are 
two gaps, and five carpels developed. On either side 
of these two stamen gaps, the bundles are so close 
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together, that it is impossible to distinguish 
separate strands. Thus we have two solid arcs of 
vascular tissue. From these, individual strands 
take shape at a slightly higher level, usually five 
in number, three on one side and two on the other 
sidelof the gaps. Each passes out immediately and 
enters the pedicel of a carpel, becoming concentric 
within the base of this. Fig. 42A shows a peculiar 
arrangement of the bundles, three entering the 
pedicels, whilst two bundles have passed into the 
centre of the receptacle, and enter the pedicels 
developed, at a higher level in this position. 
When six carpels are developed, each arc of 
vascular tissue may divide into three separate. 
strands, each of which enters the base of a pedicel - 
see fig. 42B. A concentric bundle passes in towards 
the centre of the pith, to supply a carpel developed 
in this position. Fig. 42C shows a variation of this 
type. Bundles 1,2,3 are derived from the one arc 
of vascular tissue between the two gaps, and bundles 
4,5,6 from the other. From the one gap four bunjies 
are derived, for as bundle 3 starts to pass out, a 
strand becomes detached, which passes in towards the 
centre of the pith. At the same time, one of the 
other bundles of the ring of tissue, bundle 2, passes 
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in towards the centre also. These two bundles e t 
to form a single concentric strand in this position. 
At a higher level, this bundle enters the pedicel 
of a carpel. Figs. 42 D to F show the division of 
the bundles to form the supply to six carpels, 
where the last few stamen :gaps are closed. .Again 
a bundle occupies a central position in the pith. 
In another flower, only three carpels were 
developed. In this type, the last three gaps failed 
to close, and the intervening vascular tissue passed 
out as a whole, in each case, to supply a carpel. 
Thus a single concentric bundle is present at 
the base of the pedicel of a carpel. At the top 
of this short pedicel, the central portion of each 
strand runs out to become the midrib of the carpel, 
the two re.iaining portions becoming the two ~larginal 
bundles. At a slightly higher level the loculus 
is developed and the margins become delimited. 
From the serial transverse sections it appeare 
that the secondary vascular supply in the carpellary 
wall was derived from the marginal bundles, although 
occasionally in some flowers a branch was given off 
from the midrib. As the style is approached the 
marginal bundles commence to pass round towards the 
midrib. Within the style the bundles fuse to form 
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a single arc of xylem , with a little phloem present 
the midrib, s grroundint, a the stylar canal. In 
Fig. 43A one marginal bundle has fused with the 
midrib, whilst the other is approaching it. 
From the mounted specimens of whole carpels 
(see Fig. 44A - C) it was seen that the main lateral 
supply in the carpellary wall is derived from the 
marginal bundles, but that the midrib may give off 
one or two branches which pass out for a short 
distance into the carpel wall. This position of 
this branch is variable. The branches from the 
flarginal bundles are relatively few, and usually 
entirely unbranched, but may fork at the end distant 
from the margin.- Anastomoses is of a rare 
occurrence. The last lateral branch from the 
marginal bundle __gay enter the style and fuse with 
the marginal, bundle. 
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CnICI UCYA RAC ::OSA 
The flower in this species differ from 
C. davurica mainly in possessing only one carpel. 
The flower stalk contains six or seven large 
vascular bundles arranged in a ring surrounding a 
solid pith (see Fig. 45A). No sclerenchyma was 
found to be present in the peduncel of any flowers 
in this species. 4ithout previous division a whole 
or a part of a bundle may pass out to become the 
supply to a perianth segment. As in C. davurica 
a single trace passes out through the cortex, and 
within the base of the segment, the trace divides into 
three separate strands. In a few cases, the trace 
divides within the cortex, so that three senarate 
strands enter the base of each segment ( see Fig.45B) 
In one specimen three separate bundles gave off a 
trace, and entered the base of one segment. As 
the perianth supplyis being given off, there is at 
the same time division of the receptacular bundles, 
so that numerous small strands result. These 
approach one another and sub -divide, thus forming 
an almost solid ring of vascular tissue. From this 
the supply to the honey leaves and the stamens arises, 
one trace entering the base of each (see Fig. 450). 
The stamens form a very low spiral and are given off 
in rapid succession. The gaps are closed immediately¡ 
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after the departure of the stamen trace. It would 
appear that part of a bundle may pass out into the 
cortex, and divide to supply two or more stamens 
(see Fig. 46A). 
Gradually the receptacle becomes narrower, 
after the majority of the stamen traces have been 
given off. Up to the level of departure of the 
last few stamen traces all the flowers sectioned 
present a very similar appearance. Above this level 
however, the bundles exhibited numerous differences. 
Firstly, the actual number of bundles left 
in the receptacle after the departure of the last 
stamen trace varies considerably, and it is difficult 
to establish a basic type. It would appear, however 
that, most frequently, five bundles are present, 
three of which are large and two small - small 
parts of bundles, the major part of which have passed 
out to become stamen traces. 
These small strands link up with any of the 
three large bundles present, the two strands fregentl 
fusing with the same bundle. One of the bundles may 
have commenced to pass out through the carpel base 
before the strands fuse with the remaining bundles. 
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The following types were also found: - 
(1) Three large bundles and one small strand. 
This was of frequent occurrence. 
(2) Four bundles of almost equal size, but in 
some cases, t..o of which tend to be slightly 
smaller than the other two. 
(3) Four large bundles and one small strand. 
(4) Six bundles, three of which tend to be large, 
two ver. small remaining parts of a bundle, 
the major part of which have become stamen 
traces, and another bundle of intermediate 
size. 
Again, as in the type described above, the 
small bundle or bundles fuse with an adjacent large 
bundle, or in the case of (2) and (3), the two 
slightly lamer bundles fuse, or two of equal size. 
In one specimen, the small strand ended blindly in 
the receptacle. In another flower, the intermediate 
strand passed out, as the first branch in the 
carpellary wall, without fusing with an adjacent 
strand. 
Thus, normally, at the apex of the receptacle, 
rrevious to the outward passage of the midrib, there 
are three bundles present, but occasionally four are 
formed. A bundle previous to passing out as the 
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midrib may divide, a portion remaining in the receptaole. 
lAt other times only the central portion of a bundle 
may pass out to become the midrib. The behaviour 
of the remaining portion or portions is variable. 
In some specimens they pass back and fuse with the 
marginal bundle or bundles directly. In other cases, 
the strand or strands may divide and give off branche 
to the carpellary wall, as the main portion passes ba k 
towards the marginal bundle. Instead of fusing with 
the marginal bundle, the strand may come to lie between 
the marginal bundles and there end blindly. The 
latter type is illustrated in Fig. 47 A - C and here 
also, as the midrib bundle was passing through the 
carpellary base, it also branched. 
As the midrib is running out through the 
parpellary base, portions may be detached from the 
marginal bundles, which pass out as one of the first 
ranches in the carpellary wall. 
These three main bundles - the midrib and the 
two marginals, enter the base of each carpel. The 
idrib as it passes out through the carpellary base, 
ay give off a branch on either side. This is the 
only branch given off by the midrib, the whole of the 
econd vascular system of the carpellary wall, apart 
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from this one branch, being derived from the marginal 
bundles. 
These facts, established from transverse serial 
sections were confirmed by examination of the mounted 
specimen of the car ;el, rig. 48Â - C. The number 
of branches liven off by the marginal bundles varies 
as does also the mode of branching of these lateral 
bundles. Division may occur just as the lateral 
branch leaves the main bundle, or at any point in its 
course round the wall, but is most frequent in that 
-art of the wall nearest to the midrib tissue. 
Anastomoses may or may not occur (Com1 are Fig. 482 & 
It will be seen from the figures the t these lateral 
bundles all end blindly in the carpel wall, not 
fusing with the midrib bundle. At the base of the 
style the marginal bundles fork repeatedly, but all 
m the 
the branches end blindly,stylar tissue, the midrib 
alone continuing to the apex. This bundle remains 
unbranched. Within the style it becomes more heavily 
lignified. Figs. 432 C show the midrib, near the 
base of the style and within the style. It will be 
noted that the bundle has expanded laterally, there 
being no phloem present opposite the extension on 
either side. 
XANTHORHIZA AFIIFOLIA 
The :onus Xanthorhiza contains only the one 
'species - X.apiifolia, the flowers of ;7u.ich are very 
small. The parts are arranged in alternating 
whorls - five perianth segments, five honey leaves, 
ten stamens and ten carpels. The number of stamons 
and carpels, however, is -rariable, the parts in the 
gynoecium varying in number from four to sixteen. 
The carpels, as in Oimicifuoa davurica, are all 
.shortly stalked. Jithin each carpel there are a 
varying number of ovules, many of which are sterile. 
In the peduncel, there are five bundles, 
arran`ed in a ring surrounding a solid pith. Over 
the phloem in each bundle there is an arc of 
sc.erenchyma. There a few of the bundles are lare, 
whilst one or two are much smaller (see Fig. 49A. 
As the level of departure of the perianth traces is 
reached, either of the following conl.itions is found 
to occure:- 
(1) Each large bundle, without previous division, 
gives off three traces to the correspondilhg 
perianth segment - a midrib and two marginal 
bundles. The central part of each bundle is 
normally involved fn perianth trace formation 
(see Fig. 49B) so that two small strands are 
left in the receptacle, after the departure 
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of the supply to one segment. Following the 
outward passage of some of these traces, there 
are numerous fusions of bundles in the 
receptacle. 
(2) The bundles expand tangentially, divide into 
numerous smaller strands. Fusions occur and 
the final result is a solid ring of vascular 
tissue (see Fig. 49C). From this, three 
traces pass out to each, leaving five gaps in 
the ring of vascular tissue. 
The supply to the honey leaves and stamens 
now arise in rapid succession, one trace passing 
out to each organ, the gap being rapidly closed. 
As the apex of the receptacle is reached, a 
varying number of stamen gaps fail to close. The 
bundle between two gaps may pass out through the cort 
and enter the corresponding pedicel. In many cases, 
however, division occurs so that two or three separat 
strands are given off, each of which enters the base 
of a pedical (see Fig. 50 A - C). The whole bundle 
in each pedicel forms the midrib of a carpel. IT 
marginal bundles are present (see Fig.51). The 
midrib bundle passes up the carpel entirely unbranche 
No strands appeared to be given off to supply the 
ovules or the carpellary wall. The midrib bundle 
enters the style and persists for a short distance. 
9 
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DISCUSSION AND CONCLUSIONS 
The genera investigated present, morphologi- 
cally, a wide range of structure - from the assumed 
primitive type, with a large number of parts 
arranged spirally - e.g. Trollius, through the 
hemispiral type, represented by Eranthis, to the 
truly cyclic type, where the parts are arranged in 
whorls, with a definite number of constituent parts 
in each whorl. 
From this field, we would expect to be able 
to establish the changes which occur anatomically, 
with the development of meristic precision, associated 
with cyclic structure, and how this is reflected upon 
the vascular cylinder. 
We may consider first of all the supply to the 
perianth segments, followed by the supply to the 
honey leaves and stamens, and finally the variations 
which occur in the supply to the carpellary whorl. 
. SUPPLY TO THE PERIANTH SEGhE TS 
In such types as Caltha and Trollius the large 
vascular bundles expand tangentailly, previous to the 
outward passage of the périaath traces, so that there 
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is formed an almost complete cylinder of vascular 
tissue. from this, traces pass out to the segments. 
In Trollius. the first half of the total number of 
segments formed received more traces than the second 
half. In the 'supply to the former, five gaps are 
caused in the main stele as the result of the outward 
passage of the traces to each segment, whilst only 
three are caused in the later formed segments. 
Trollius is exceptional in this respect. In Caltha 
one, two, or three gaps may be caused in the stele 
as the result of the outward passage of the supply to 
a segment. This variation in the number of gaps is 
not related to the 2osition of the segment concerned - 
e.g. the supply to the first segment formed may leave 
only one gap in the main stele. As in the preceeding 
species, the marginal bundles tend to branch on their 
outward passage through the cortex. In Caltha, 
however, the midrib bundle may also give off branches. 
Similar to Caltha, is Eranthis cilicica. Here, of 
course, the stele is dissected prior to perianth 
trace formation, due to the division of the bundles 
to close the bract gaps. E. hyemalis differs, 
however, in that there are normally five to nine 
gaps in the stele, in relation to each segment. 
Any of the traces may branch on their outward 
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passage through the cortex. From this type we come 
to consider the Helleborus species, in all of which 
a single strand, without fusing with other 
receptacular bundles, divides radially within the 
main ring into three strands, to form the midrib and 
two marginal bundles of a perianth segment. Similar 
to that, is the type Wilich occurs in yanthorhiza 
apiifolia, but in this species the bundles may form 
a solid ring of vascular tissue, previous to the 
outward passage of the traces. In Helleborus, the 
marginal bundles each give off a pair of traces, so 
that five bundles enter the base of each segment. 
In the Xanthorhiza, however, there is no division of 
these bundles. The midrib bundles in both genera 
never give off traces. In an exceptional type of 
Cimicifuga racemosa, three separate strands, from 
three separate bundles, passed out through the cortex 
and entered a perianth segment. In another type, 
a single strand is given off, by tangential division 
or a whole bundle may pass out, in both cases, 
without division, so that a single strand enters the 
base of each segment. Of fairly frequent occurrence 
is the branching into three, prior to entering the 
base. Similarly in C.davurica the two latter 
conditions are also found - the single trace being 
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of frequent occurrence. 
Thus we have a series established showing the 
trend of supply, from a three, five, or nine lacunar 
gap system. to a single gap, in relation to the 
vascular supply to one segment. Marginal bundles 
frequently branch on their passage through the 
cortex. This occurs to a greater extent in such 
types as Cartha Trollius where there is a large basis 
of insertion of the segments. Similarly this would 
appear to be the cause of the branching of the midrib 
bundle. Apart from this, the supply resembles 
closely that of a normal foliage leaf. 
B. Honey Leaves and Stamens 
After the departure of the perianth traces, 
the stele is dissected into a large number of smaller 
bundles. From these the supply arise, first to the 
honey leaves, and later to the stamens. In each case 
a single trace is given off and enters the base of the 
organ concerned. There are no exceptions to this in 
the material examined. Within the base of the honey 
leaves it was seen that the bundle may divide into 
three. 
C. Cauellary Supply 
After the departure of the last stamen trace, 
the midrib bundles commence to pass out through the 
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cortex. In Trollius as a general rule, and in 
Caltha in one type, we find that a pundle passing 
out through the cortex divides, the central portion 
becoming the midrib of the corresponding carpel, 
while the two small strands enter the carpellary 
base, and come to occupy a marginal position at the 
base of the carpel. At a higher level, from adjac- 
ent strands in Trollius, two separate bundles enter 
and-fuse with the corresponding bundles already 
present. In Caltha, it is frequently only one 
strand which enters, and this divides in a complicat- 
ed manner into two bundles. Thus in this type thie e 
five, or four, separate strands entering the base of 
each carpel, causing three gaps in the main stele, 
ob two in 
enters as 
the case of Caltha where only one strand 
the marginal supply. In the latter species 
other main types are also found, and a series was 
established (see page 41.) in which the small strands 
given off by the midrib remained redeptacular, and 
fused with adjacent bundles, which later formed the 
marginal supply. Here again there may be only two 
gaps in the stele as the result of the departure of 
the carpel traces. Another type is where the 
receptacular strand supplies all three parts of the 
carpel, causing three gaps in the main stele. Here, 
equal division of the receptacular bundles occurs, 
1 
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the central portion forming the midrib, the bundles 
on either side of the gap forming the marginal supply. 
Smith (96) describes as typical of Caltha one 
separate bundle supplying the midrib of a carpel, 
and the margins, while only part of the bundles1bn 
either side of the midrib gap become carpellary traces . 
This is of rare occurrence in the material sectioned 
and is only recorded for one carpel of a flower. 
In another type a single strand supplied the midrib 
as well as one margin of that carpel, and the margin 
of a neighbouring carpel. 
Thus we have within one species variation with 
regard to:- 
A. The number of traces entering the base of each 
carpel 
B. The number of bundles involved in this supply. 
C. The number of carpels these bundles supply. 
D. The number of gaps formed as the result of the 
out \yard passage of these traces. 
On this basis, would not be justified in 
interpreting these variations as indicative of a 
different number of parts in each whorl. Also, 
where there is a reduction in the number of parts 
supplying a given number of carpels, a single strand 
by tangential division may supply 
i 
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(1) . The midrib of a carpel, 
(2). One margin of that carpel, 
(3). The neighbouring margin of an adjacent carpel. 
Another receptacular bundle supplies the other margin 
as well as a margin of another carpel. On a basis 
of the carpel polymorp} ism theory, this particular 
carpel would be interpreted as t+,1-+ 2 carpels, 
which is not equal to two carpels. 
To consider Trollius again. The bundles left 
in the receptacle after the departure of the stamen 
tbaces have to supply all the numerous carpels 
developed. Thus we find radial and tangential div- 
isions of the bundles, part of which pass out to 
form the supply to the first formed carpels. 
Similarily, for the second circle developed, and so 
on until the last whorl. Here, however, the whole 
may not pass in, part remaining in the receptacle. 
As a resul t of this, it will be seen that bundles 
which were originally separated from one another, 
now, at a higher level, are adjacent and form the 
supítly to one carpel. This same feature is also 
seen to a certain degree in Eranthis cilicica and 
also in Caltha where a bundle divided, part passing 
to form the supply to one margin of a carpel on one 
side of the receptacle, the other portion similarily 
supplying a carpel on the opposite side of the recent- 
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acle. Must we interpret this on Saunders theory 
that these two distant margins are each half of the 
same carpel? 
To return to a consideration of the Hellebores 
species. As in the one type of Caltha, so here also 
but of more frequent occurrence, is the division of 
a single bundle within the receptacle to supply all 
three parts of the carpel. But more often a bundle 
divides tangentially, the trace evolved forming the 
midrib. At a higher level, the two bundles on eith- 
er side of the gap,enter. Would this be intrepreted 
as the midrib and one margin each being equal to One 
halh carpel, while the other margin is a whole carpel? 
In the previous case each part of the carpel was a 
third of a carpel. 
In Eranthis the fundamental supply would appear 
to be three separate bundles causing three separate 
gaps in the main stele. But with the remarkable 
increase in the number the bundles - see Diagram XV 
and the increase in the number of carpels, this 
fundamental relationship is upset. Here, within one 
flower, we have a series of one, two, and three bundles 
being involved in the supply to one pedicel of a 
carpel, and causing the corresponding number of gaps 
in the main stele. Within the pedicel, division 
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occurs, so that there are three bundles below the 
level of formation of the loculus. But this 
variation would not lead us to assume that three 
different types of carpels were present in one 
flower. 
In Cimicifuga davurica the arcs of tissue left 
after the departure of the stamen traces, break up 
simultaneously into several strands, each entering 
the base of a pedicel. Division occurs within this. 
Thus we have one gap and one trace entering each 
pedicel, In Xanthorhiza a similar situation is 
found, but more complicated, owing to the tendency 
of the formation of a larger number of carpels. Thus 
each arc divides into several strands, each of which 
gives off a carpellary trace, the remaining bundle 
later entering the base of another carpel. Within 
the pedicel division does not occur, the whole 
becoming the midrib of the carpel. The carpel is 
very small, and it would appear that threr is no 
physiological need for a vascular supply in the 
marginal position. But there is no reason to 
interpret the carpel of this species as being a 
time valve carpel, while that of Cimicifuga davurica 
would, most likely, be interpreted as 2, 1, 2 carpels. 
This brief review has attempted to bring 
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out the connecting links between the various genera 
and species, and to present the type of carpel in 
Trollius as similar to that in Cimiciguga or 
Xanthorhiza, and to show that with an anatomical 
basis, it is not logical to establish a carpel 
polymorphism theory on the course of the vascglar 
bundles. 
An important point to stress is the relation- 
ship between the number of bundles in the receptacle, 
above the level of departure of the stamen traces, 
and the number of carpels formed. Taking Hellebortie 
orientalis aS an example, it will be seen that 
twelve bundles divide to supply five carpels, and 
that only ten bundles divide to supply six. In 
another case fourteen bundles remaindd after the 
departure of the stamen traces, and that they gave 
rise to the vascular supply to the same number of 
aarpels. 8hus there is no relationship between the 
number of receptacular bundles and the number of 
carpels developed. This can also be illustrated 
with reference to other genera. But the carpellary 
number must affect the division of the bundles, and 
hence the varying number of parts of a carpel, or 
carpels a single receptacular bundle may supply. 
The number of bundles left in the receptacle, above 
the level of departure of the last stamen trace must 
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of necessity, be affected by the number of stamen 
traces given off,and to a lesser extent by the 
number of traces arising below this level. This 
is another point completely neglected by Saunders. 
Reference must here be made to a statement 
of Saunders, in which she expresses the belief that 
the only carpel recognised by her as being truly 
"monocarpic" is tha achene, such as found in the 
Ranunculaceae and the Rosaceae. Reference need 
only be made to the statements of Eames and Chute, 
correlated with the results of this work, which 
indicate clearly that an achene is a reduced follicle. 
in which there is a tendency to the fusion of the 
carpellary traces. A perfect series is presented 
showing,step by step, how this has been brought 
about. Even based on the vascular supply, some 
achenes would be interpreted as possessing z, 1, 1, 
carpels, whilst others would be truly one carpel. 
Without going into further detail with 
reference to Saunder& thoery, we will now turn to 
that of Thomas based on a study of the course of 
the secondary vascular bundles of Caitha, and a 
known fossil - Gristhorpia. As already Pointed out 
he fai &ed to notice the fact that, very frequently 
a branch, or branches, arise from the midrib bundle, 
-127 - 
passing out for varying distances into the carpellary 
wall. It is also to be noted that they tend to 
arise near the base of the carpel. ivo reference is 
made to the fact that five separate bundles may 
,enter the base of a carpel. In a later paper he 
sets forth his nine features which should be studied. 
Evidently he does not think that "Example is better 
than precept ". Immediately he sets forth his 
theory on the nature and origin of the cappel with- 
out a study of the development of these structures 
to mention only one important point out of the nine. 
This might reveal some interesting facts with regard 
to the lateral stigma of Drimys, and the supposed 
change to a terminal position in such types as 
Calthà. 
Directly opposed to this theory is that of 
Thompsom. At this stage of its development , the 
theory seems bather fantastic, but shows that attent- 
ion should be drawn to the facts of development. 
Something may be gleamed from this as to the nature 
of the carpel, and may act as a corrective to the 
overspeculation of some other authors. It will to 
interesting to await the results of a study of the 
development of a female unisexual flower. 
The leaf theory of Goethe would now appear to 
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be attacked from every possible angle - the develop- 
ment (Grégoire and Thompson), the vascular supply to 
the organ (Saunders ), the vascular supply within 
the carpellary wall, and the relation of this, to 
what is considered, as now, the nearest Angiosperm 
amoungst fossil records,' - Thomas. 
As regards basing a theory on the vascular 
supply - the origin and number of traces, this work 
proves the plastic nature of the vascular system. 
The fundamental supply resembles that og a leaf. 
Adhesions and adnations within the receptacle must 
be considered. In this, the primitive types, the 
variation within the secondary vascular supply to 
the carpellary wall is most obvious. Within one 
flower, there may or may not be branches arising 
from the midrib, but particularly with reference to 
the stylar supply. The function of the vessels, 
here, would ap-pear to be to keep the stylar canal 
moist for the germination of the pollen grains, and 
that any of the three bundles may be able to supply 
this need. In types such as Trollius and Caltha 
we find this variation with regard to the bundles 
(supplying the style, but in the Helleborus species, 
each has solved the problem in its own way, but the 
final result is an arc of vascular tissue surrounding 
the stylar canal. 
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At the present time, with the fossil record 
of one primitive Angiosperm, it seems rather rash 
to base a whole theory around this structure. Let 
us record, in detail, the various points from our 
most primitive types of our present day Angiosperms 
and await, with patience, the discovery of some of 
more advanced type of Angiosperm from the fossil 
records, which may then elucidate our facts. 
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SUMMARY. 
1. There is variation with regard to the number of 
bundles supplying each perianth segment, and the 
number of gaps formed. There is a tendency to 
reduce 
the number of gaps, and the number of traces ent- 
A 
ering the base of each, as we pass from the type 
with a large base of insertion, as in Trollius, 
to a type with a marrow base, as in Cimicifu _ga. 
The marginal bundles frequently branch on their 
outward passage, and also, occasionally, the mid- 
rib bundle. Apart from this branching in 
exceptional cases, the supply, fundamentally , 
resembles that of a leaf. 
2. The honey leaves and stamens each receive a single 
strand. 
3. In the carpellary sup)ly, there is variation with 
regard to.- 
a. the number of bundles entering the base of a 
carpel. 
b. the number of receptacular bundles from which 
these traces are derived. 
c. the number of carpels each receptacular trace 
may supply. 
4. There is no correlation between the number of 
bundles in the receptacle, above the lev &1 of 
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departure of the stamen traces and the number 
of carpels developed above this level. 
5. As a direct result of this, the degree to which 
these stelar bundles are divided, and the number 
of carpels developed which they supply, must 
depend upon the number of receptacular bundles, 
and the number of carpels developed. Thus, a 
comparatively small number of bindles must divide 
to a greater extent to supply a given number of 
carpels, than if a larger number of bundles were 
present, and vica versa. 
6. The whole of the stelar vascular tissue may or 
may not be used up in the formation of the ca:opel- 
lary traces, Both conditions may be found to 
occur in the one species - e.g. Caltha. 
7. There may be three or five traces enter the base 
of each carpel e.g. in Caltha, Trollius, and. 
Eranthis, where the midrib bundle divides in the 
pedicel, which is considered as an extension of 
the receptacle. 
8. The secondary vascular supply within the 
carpellary wall varies within fairly wide limits 
for each species. 
9. The main supply to the carpellary wall is, in 
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the majority of species, derived from the marginal 
bundles, which give off branches. The terminal 
endings distant from the marginal bundle, either 
fuse directly with the midrib or end blindly in 
the carpellary wall. This is constant within a 
species. 
10. Branches may or may not arise from the midrib 
bundle within the carpel itself - e.g. Caltha 
and Cimicifuga davurica. Where present there 
is a tendency for these bundles to arise towards 
the carpel base, and pass out into the wall for 
varying distances. Normally they are not well 
developed. In Trollius, two branches constantly 
are given off, which continue parallel to the 
midrib. Again they tend to arise near the base 
of the carpel. 
11. These facts may be taken as support of the view 
that the primitive carpel may have been a 
palmately veined structure. 
12. The stylar supply, in the species where the 
number of parts in the gynoecium tends to be 
constant, is, of itself, constant. In Trollius 
and Caltha there is variation , the midrib, or 
marginal bundles, or both may supply the style. 
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This variation also occurs with one gynoeciun. 
T. The fundamental vascular supply to a carpel is 
to that of a leaf. The venation within! 
'be carpe =lacy wall, however, does not resemble 
j 
that found in a true leaf. 
14. These results do not lend support to the theory 
of carpel polymorphism, not do they justify 
Thomas' interpretation of the probable origin of 
the carpel in such a type as Caltha. 
15. The present state of our knowledge of ancient 
Angiosperms, and of the more primitive types in 
our present day flora, only sufì'ice to show the 
tremendous gap in our knowledge of the probable 
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DESCRIPTION OF FIGURES. 
Troliius - Garden Variety. 
^! From transverse serial sections 
taken at successively higher levels. 
(x 
Fig. 1, =ran-verse section of the flower stalk. 
sine ridges occur with the corresponding 
number of large vascular bundles. In 
the furrows there are varying numbers 
of smaller bundles. Three sepals are 
in the Mane of section. 
B. At the level of insertion of the sepal 
bases the ridges disappear. The 
bundles in the sepal bases are fusing 
with one another. 
C. Three of the perianth segments are in 
the plane of the section. there are 
five bundles from each segment entering 
the cortes. 
D. The supply from segments 1, 2, and3, 
is appraochong that of the. main ring 
of bundles. The vascular supply of 
nine segments may now be seen. 
Pig. 1, A. The bundles from the first three 
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segments are now entering the main stele. 
8. The Supply from segments, 4,5,6,7,8, and 
9, are passing in through the cortex, 
three bundles from each segment, except 
ing segments 4 and 5. 
C. Segment 10 is now in the plane of section. 
D.The traces from the segments have entered 
the main ring of bundles, and traces to 
the honey leaves have now been given off 
and are passing out through the cortex. 
Fig. 3, A. Transverse section of another flower 
stalk, showing the variation in the 
number of bundles present. (x 18). 
B. Transverse section through the recept- 
acle, at the level of formation of the 
carpellary traces, showing stamen traces 
passing out through the cortex on the 
one side, and carpels on the other - 
above the level of formation of the 
laculus. (x 30.). 
Fig. 4, A -G. From transverse serial sections 
taken at successuvely higher levels, 
at the level of formation of the 
carpellary traces. Only a small 
portion of the receptacle is shown. 
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Diagram III is a reconstruction of 
this series. The numbers of the 
bundles correspond in the two 
drawings. (x 30). 
Fig. 5, A - D. Macerated preparations of carpels. 
For details see text. (x 10) . 
Fig. 6, A - E. Detailed drawings of the marginal 
and midrib bundles. 
A. The midrib bundle. 
D. The marginal bundle at the same 
level as A. (x 500). 
B. A low power drawing to show the 
level at which. A and D were drawn. 
(x 62). 
E. At a higher level the midrib has 
divided, and the two branches are 
see; - one on either side. (x 500) . 
C. A low power drawing of E. (x 62). 
Fig. 7, A - B. Transverse serial sections at 
successively higher levels in the 
style. (x 500). 
A. The midrib only consists of two 
two vessels,while the marginals 
are well developed. 
B. Only the marginal bundles remain. 
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Note the conducting tissue at the 
apex of the style. 
CALTHA PALUSTRI S. 
Fig. 8, A - F. To illustrate the variationin the 
perianth supply. (x 30). 
A. Three gaps are formed by the 
departure of the traces to a 
segment. Two bundles lie between 
two gaps in the one case, one in 
the other. 
B. Three gaps af;e formed. One bundle 
lies between each gap. 
C. and D. Several gaps are formed. 
Numerous traces enter the base of 
the segment, and the midrib branches 
on its passage through the cortex. 
E, A single gap is formed by the 
departure of the traces. 
F. Two gaps are formed separated by a 
single bundle. 
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Fig. 9, A - B. Transverse serial sections at 
successively higher levels. (x 18). 
A. At the level of formation of the 
carpellary traces. 
B. The midrib bundles have entered the 
carpellary base and the marginal 
bundles are being formed. 
These drawings repeesent in trans- 
verse section Diagram IV. 
C. Transvei..se section through the 
receptacle at the level of formation 
of the carpels. The carpel X is 
supplied by the division of a 
single bundle, excepting the 
fusion of one of the bundles left 
after the departure of midrib trace, 
with a small receptacular bundle. 
(x 1d). 
Fig. 10, ahi fig. 11. Transverse serial sections 
through the receptacle at success- 
ively higher levels. 
A. Illustrates the division of the 
receptacular bundles to sypply the 
midirbs of the carpels. (x 18.). 
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B. Shows the behaviour of the 
bundles after the departure of 
the midrib traces. (x 18.). 
Fig. 11, The pith is traversed by 
numerous bands of phloem. At 
the base of some of the carpels 
the marginal bundles are dividing 
so as to form two equal bundles. 
(x 30.). 
Diagram V is a reconstruction of 
this series. 
Fig. 12, A - C. Transverse serial sections at 
successively higher levels above 
the level of departure of the 
stamen traces. (x 18.). 
A. Illustrated the position and size 
of the receptacular bundles, at 
the level of departure of the 
last few stamen traces. 
B. A few traces which will become 
the midribs of the corresponding 
carpellary traces are passing 
out through the cortex. 
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Fig. 12, C. In this figure the small strands 
left by the midrib bundle, on its 
passage through the cortex can be 
seen within the carpellary base. 
This series corresponds to Diagram 
VI. 
Fig. 13, A - C. A series of sections illustrating 
the fourth type of division of the 
receptacular bundles which form 
the carpellary supply. (x 18.). 
A. The last stamen traces are passing 
out through the cortex. 
B. The traces which will supply the 
carpellary midrib are being formed. 
C. At the base of the loculus one or 
two bundles may be present. 
Bundles 7, amd 3 are dividing to 
give rise to a midrib trace to a 
carpel. 
Fig. 14. A. The midrib bundle of a carpel. 
(x 500.). 
B. The corresponding marginal bundle. 
( x 500.). 
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Fig. 15, A - G. Whole and half carpels mounted to 
show the secondary venation of the 
carpellary wall, with special 
reference to the branches from the 
midrib bundle, and the stylar 
supply. For details see the text. 
(x 10.) . 
Fig. 15, A - B. A longitudinal section through a 
carpel showing the branching of 
midrib bundle. 
A. A low power drawing, showing three 
branches passing out round the wall. 
( x 18.). 
B. One lateral under high power. (x 500). 
Fig. 17. A - C. The stylar supply. 
A. The midrib and marginal bundles 
have fused to form an arc of 
vessels surrounding the stylar 
canal. The outer epidermal cells 
of the canal have become broken 
down, and the subepidermal layer 
of cells now form the outer 
epidermis. (x 500). 
B. The mdirib bundle has divided in 
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the style. (x 500). 
C. The style drawn under low power, 
showing the two brancb.es given off 
by the midrib, and the marginal 
bundles, which end blindly in that 
position. 
HELLEBORUS ORIENTALIS. 
Fig. 18, fig. 19, and 20. Illustrate the method 
of departure of the perianth traces, 
and the mode of branching of the 
remaining stelar bundles, up to the 
level of the traces to the honey 
leaves. In the tangentially 
elongated bundles the phloem has 
stippled, so that the position of 
the xylem vessels may be seen. 
(x 30). 
Fig. 18, A. A transverse section of the flower 
stalk ; the radially elongated bundles 
form the vascular supply to the 
perianth segments, and the tangent- 
ially elongated bundles give riseto 
the supply to the remaining whorls. 
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B. One of the radially elongated 
bundles has divided into three, 
while still within the ring of 
of vascular buhdles. 
C. One of the perianth traces is 
Passing out through the cortex, and 
two bundles have divided into three 
within the main stele. Of the 
tangentially elongated bundles, two 
have become deeply concave, whilst 
a third has become tangentially 
expanded, which is the first stage 
in the formation of the concentric 
bundle. From bundle 1, a small 
portion has been detached on the one 
side. 
D. The remaining two bundles which will 
supply the perianth segments have 
divided into two within the main 
ring of tissue. Bundle 1 has now 
become concentric, and some of the 
vessels have continued to pass 
outwards, and are deeply concave 
The small strand still persists 
independently. Bundle 2 has now 
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divided and given rise to two 
strands, with the xylem vessels 
deeply concave. Bundles 3, and 4 
are becoming concave. 
Fig. 19. A. The marginal bundles of three of 
the perianth traces are passing out 
through the cortex. In two cases 
a marginal strand is passing out 
previous to the division of the 
remaining portion of the correspond- 
ing bundle. In bundle 1 the small 
strand has become part of the bundle 
in which the xylem is deeply 
concave. This bundle has passed 
further out into the cortex. From 
bundle 2 two concentric bundles 
have been formed, and from each a 
portion has been detached. Bundle 
3 is now deeply concave and a small 
portion is going to be detached at 
a higher level from the one side. 
Bundles 4, and 5 are becoming deeply 
concave. 
B. The perianth traces are passing out 
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through the cortex. Two concentric 
bundles have been formed from 
bundles 1 and 4, one bundle in each 
case lying further out in the cortex. 
In bundle 3, as the original strand 
became concave a small portion was 
detached on the one side, and later 
a similaÍ portion on the other side. 
These are lying furthest removed 
from the main bundle. As the main 
bundle became concentric, two parts 
were detached, and these eventually 
formed the central bundle, also at 
this level, concentric. A small 
strand has been detached from bundle 
5, and the main bundle is becoming 
concentric. 
C. Seven traces can be seen entering 
the base of one of the perianth 
segments. Division has occurred 
as the bundles passed through the 
cortex. In bundle 1, the second 
concentric bundle is commencing to 
divide into two. The xylem at the 
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point nearest to the first formed 
circle, passes outwards. The whole 
bundle becomes tangentially expanded 
and finally, with the continued out- 
ward passage of the xylem vessels, 
two concentric bundles are formed. 
Bundle 5 has divided into concentric 
bundles, a small strand has been 
split off by each. 
D. The marginal bundles are entering 
three of the perianth segments, 
previous to the inward passage of 
the midrib. In bundle 1, the 
vessels from one of the newly formed 
circles has passed back and fused 
with the parent bundle. The other 
concentric bundle is ppproaching the 
main axial cylinder. Bundle 3 has 
become further subdivided. One of 
the small strands has become concent- 
ric, and split off a small portion. 
The large concentric bundle has 
passed bach towards the main ring 
and given off a small portion. 
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Fig. 20. A. The second concentric circle is now 
lying in the main ring of bundles, in 
the case of bunal. There are now 
formed from bundle 2 two bundles in 
the main ring of tissue, and a small 
strand left in the cortex. The 
cortical bundles in the remaining 
strands are passing back towards the 
main ring. 
B. In bundle 1 there is a strand in the 
cortex and one of the two main bundles 
is dividing into three. One of the 
strands in bundle 2 has split off a 
notion which is passing out through 
the cortex. The central strand of 
the three smaller bundles in bundle 3 
is passing outwards, while the other 
two are passing in towards the main 
axis. In bundles 4 and 5 there are 
two concave bundles and two smaller 
strands. 
C. The two main portions is bundle 2 are 
dividing into three parts. In bundle 
3, two strands are fusing with the 
main divisions of the parent bundle. 
In bundles 4. 4nd 5 two main axial 
strands result from the divisions of 
the bundles, and a portion remains out 
in the cortex. 
D. The traces to the two last formed 
perianth segments are entering the 
base of each segment. The first three 
perianth gaps have been closed. 
Bundles 1 and 2 have divided, while in 
bundles 3, 4, 5, there are two main 
axial bundles, and the perianth gpas 
have not been closed by the expansion 
of the former. The traces to the first 
formed nectaries are passing out 
through the cortex. 
Fig. 21, A - D. The figures illustrate the 
method by which bundle 1 
becomes concave, and the splitting 
off of two portions. (x 500). 
Fig. 22, and fig. 23. Trasnverse serial sections 
sections taken at successively higher 
levels, to show the formation of the 
carpellary traces, and their position 
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within the carpel base. Reconstruction 
of the course of the bundles is shown in 
in Diagram VIII. For details see the 
text. (x 30). 
Fig. 24, A. The midrib bundle and the two flanking 
strands, which are lateral branches 
from the marginal bundles. (x 400). 
B. The marginal bundle at a corresponding 
level. (x 400). 
0. Rhe level of the carpel at which A, and 
B were drawn. (x 18). 
D. The marginal bundle at the level of 
insertion of the last ovule. (x 400.). 
Fige 24,A. At the base of the style, the marginal 
bundles reappear and there is an increase 
in the number of vessels. The midrib 
with the two lateral branches from the 
marginal bundles is also seen. (x 400) 
B. The marginal bundles havé fused with 
lateral branches, and form vessels 
surrounding the stylar canal. (x 400). 
C. At the apex of the style there is a 
single strand - the marginals having 
fused with the midrib. (x 500). 
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D. A stoma present on the inner wall of 
the carpel. (x 300)7 
Fig. 26, A to C. Illustrations of the venation 
of the carpellary wall. (x10). 
HELLEBORUS FOETIDUS. 
Fig. 27, A to C. The secondary venation in the 
carpellary wall. (x l0.). 
Fig. 28,A to C. Transverse serial sections at 
successively higher levels, showing the 
vascular supply to the perianth segments 
and the mode of branching of the 1emaining 
bundles. (x 30). 
A. Transverse section of the peduncel 
showing two perianth traces leaving the 
main ring of tissue. The tangentially 
elongated bundles have commenced to divide, 
after having elongated tangentially. 
B. Three of the perianth traces are passing 
out through the cortex. One of the traces 
Aas divided into three in the cortex. 
All of the tangentially elongated bundles, 
excepting one, have divided into varying 
numbers o¢ small strands, each of which 
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has divided into a concentric bundle. One 
of the bundles has given off a small trace. 
The perianth traces are passing out through 
the cortex, and the marginal bundles are 
dividing. The concentric structure of 
the main stelar bundles is broken down. 
Ttj.e vessels are running obli Bluely round 
the receptacle. Due to this expansion the 
gaps are becoming closed. 
Fig. 29, A - F. Transverse serial sections at 
successively higher levels showing the 
origin and behaviour of the carpellary 
traces. (x 30). 
. Three stamen traces are passing out through 
the cortex, and one of the gaps is closed. 
The two midrib traces to the carpel, M, are 
are still within the main ring of bundles. 
B. One of the stamen gaps is not closed. A 
small group of Vessels have become detached 
from the main bundle, and have come to lie 
on One side of the midrib bundle. 
C. The two carpellary midribs are passing out 
through the cortex. The stamen gaps are 
all closed. 
D. The main groups of xylem vessels are moving 
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apart. 
Fig. 29, F. Two gaps are formed. One of the small 
groups of vessels is passing out round 
the loculus. In the other caprel, a 
strand passes out towards the midrib, 
but ends blindly. 
F. At the base of each carpel there are two 
marginal bundles. Laterals may be ssen 
in the carpellary wall. 
Fig. 30, A. Transverse section through the recept- 
acle, in a flower possessing three 
carpels. Two of the stamen gaps are 
closed. (x 30). 
B. The margins of the carpels have become 
delimited , previous to the disappearance 
of the connecting parenchyma. (x 30). 
C. Transverse section through the recept- 
acle of a flower in which there is no 
cell division in the pith. Two midrib 
bundles can be seen leaving the stele. 
U. The bundles between the two strands ivi, 
divide to form the marginal supply to 
one margin of two adjacent carpels. 
Fig. 3i, A. The lateral branches from the marginal 
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bundles are fusing with the midrib in 
the style. (x 500 +. 
Fig. 31, B. A low power drawing, showing the 
arrangement of the bundles in the style. 
(x 1oó). 
C. A "nest" of meristematic cells in the 
pith. (x 589). 
D., E., F., Illustrate the development of 
the hairs. (x 500). 
HELLEBORUS VIRIDIS. 
Fig. 32, A. Transverse section of the flower stalk 
The xylem has died out in the 
tangentially elongated bundles. (x 30). 
B. At a higher the level the vessels re- 
apneur, but as small individual strands 
(x 30). 
O. A transverse section of the Peduncel. 
(x 30). 
D. the radially elongated bundles contain 
numerous vessels, which persist. 
E. The perianth supply is passing out. 
The heavily lignified tangentially 
expanded bundles have elongated, and 
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become divided into numerous strands. 
(x 30). 
F., and G., The tangentially elongated 
bundles continue to become divided up 
into numerous smaller strandu, anci close 
the perianth gaps. (x 30). 
Fig. .53, A - B. Transverse serial sections through 
the recepta@le at successively hiwher 
levels, showing the formation of the 
carpellary traces. Por détailu Zee the 




?ig. A - Transverse serial section through the 
receptacle at succeal,ively higher levels, 
howing the supply to the bracts 
the perianth. (x 30), 
The pedumcel. 
B. 3íx bundles form the oupply to the Oract2. 
C. 3even bundles divide to supp17 the braete. 
D. Traces are apezing vat to oapply the 
verianth aegmeutz, -11ilote the divtalm 
of the midrib -bundle. 
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Fig. 35, A - D. Transverse sections at successively 
higher levels to show the origin of 
the carpellary traces. For details 
see the text. Diargarn Xiv represents 
the bundles in longitudinal section. 
(x 30). 
Fig. 36, A - C. A similar series to show the 
variation which occurs when there are 
a greater number of carpels developed. 
See diagram XV and the text. (x 30). 
Fig. 37, A., and B. The midrib and marginal bundles 
in the pedicel. (x 500). 
C. A low Dower drawing to show the arrange- 
ment of the bundles in tIle pedicel. (x 30). 
D. The midrib bundle in the style. (x 500). 
E. An epidermal hair. (x 500). 
ERAN TH I S HYEMALI S. 
Fig. 38, A -C. Transverse serial sections at 
successively higher levels, to show 
the origin of the carpellary traces. 
This represents in transverse series 
diagram XVI. (x 30). 
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Fig. 39, A - B. Eranthis cilicica. The venation of 
the carpellary wall. (x 10). 
Fig. 1+0, A - B. Eranthis hyemalis. The venation of 
the carpellary wall. (x 10). 
CIMICIFUGA LAVZJRICA. 
Fig. 1+1, A - C. The pedundel and perianth supply. 
A. The type where sclerenchyma is present 
forming two arcs of tissue. (x 108). 
B. A complete ring of sclerenchyma 
surrounds the bundles. (x 108). 
C. The supply to the perianth segments. 
A single bundle passes out through the 
cortex, and divides into three within 
the base of the segment. (x 108). 
Fig. 42, Ar F. The carpellary supply. (x 108). 
A. Five carpels are developed, two near 
the centre of the receptacle. 
B. Six carpels are formed. 
C. Two bundles pass into the centre of 
the receptacle and fuse, At a higher 
level this bundle enters a pedicel. 
D,1 - F. A series at successively higher 
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levels illustïfating a type of division 
of the receptacular bundles. 
Fig. 43, A. The bundles in the style. The marginals 
are fusing with the midrib. (x 500). 
B. and C. Cimiciluga racemosa. 
B. The midrib bundle at the base of the 
carpel. (x 500). 
C. The midrib bundle in the style, showing 
the increased lignification. (x 4-00). 






A - C. Transverse serial sections illusrtat- 
ing the perianth supply, and the division 
of the stele into numerous strands by 
the departure of the stamen traces.(x 108). 
A - C. The apex of the receptacle near the 
level of formation of the earpellary 
traces, up to the base of the carpel. 
For details see the text. 
A- C. Transverse serial sections at success- 
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ively higher levels. Division of the 
midrib bundle occurs, prior to its 
outward passage, and also branches as 
it runs out through the base of the 
carpel. The course of the branches 
are seen in figs. B and U. kx 100. 
r'ig. 48, A - u. The secondary venation in the 
carpel wall. Ilote the branches from 
the midrib in A and u. (x 10). 
Fig. 4.9, A. The bundles in the peauncel. ( x 108) . 
b. A bundle dividing to supply a perianth 
segment. (x 108). 
U. The bundles in the pedicel form a solid 
ring of vascular tissue, andi this is 
broken by the supply passing out to a 
perianth segment. (x 108). 
Fig. 50. A - Transverse serial sections to show 
the origin of the carpellary traces, and 
. a single strand entering the base of 
each carpel. A and .b x108. u x 62. 
Fig. 51. A single carpel of Xanthorhiza. 
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N.B. The magnigication given is that of the 
original drawing. All have been reduced 
on being photographed. 
In the diagrams, the midrib is represented 
by a heavier line. This does not necessarily 
mean that the midrib is the more heavily 
ligmified bundle. 
TROLLIUS- GARDEN VARIETY. 
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Diagram II. 
3 4 5 6 7 8 10 11 12 13 14 
TIT. 
20 22 23 24 1 2 3 4 5 8 9 1112 
1 2 3 4 5 8 9 10 12 
1 2 3 4 5 G 7 8 9 10 11 12 13 14 15 
\)4 
1 2 3 4 5 6 78 
12 1 2 3 4 5 6 7 8 9 10 11 
%./ 
1 2 3 4 5 6 
Di aram X.. 
N 
3 4 56 78 9 0 11 12 13 14 
4 5 6 7 8 9 10 11 12 13 1Y 2 3 
2 3 4 
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ERANTHIS ITY-Li]ïa1ALIS 
1415 16 1 2 345 6 7 8 9 10 111213 
DiagramXVl 
15 1 234 5 6 7 8 9 10 12 13 14 
Diagram XVII. 
